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NOTE OF TRANSMITTAL 


The SEASAT Econoitiic Assessment was performed for 
the Special Programs Division, Office of Applications, National 
Aeron-autics and Space Administration, under contract NASW-2558. 
The work described in this report began in February 1974 and 
was completed in August 1975. 

The economic studies were performed by a team con- 
sisting of Battelle Memorial Institute; the Canada Centre for 
Remote Sensing; ECON, Inc.; the Jet Propulsion Laboratory; 
and Ocean Data Systems, Inc. ECON, Inc. was responsible for 
the planning and management of the economic studies and for 
the development of the models used in the generalization of 
the results. 

This volume presents case studies and their gen- 
eralization concerning the economic benefits of improved 
ocean condition and weather forecasts to marine transportation. 

The Marine Transportation case studies and generali- 
zation were performed by ECON, Inc. Dr. William Steele of ECON, 
Inc. was the principal investigator for the Marine Transportation 

Study and the author of this report. A complimentary study of 
Marine Transportation benefits to Canada was performed by the 
Canada Centre for Remote Sensing and is incorporated in this 
report. The Canadian study was performed by Mr. D. Clough, 

Dr. J. C. Henein and Dr. A. McQuillan. 

The SEASAT Users Working Group (now Ocean Dynamics 
Subcommittee) chaired by Dr. John Apel of the National Ocean- 
ographic and Atmospheric Administration, served as a. valuable 
source of information as a forum for the review of these 
studies. Mr. S.W. McCandless", the SEASAT Program Manager, 
coordinated the activities of the many organizations that 
participated in these studies into the effective team that 
obtained the results described in this report. 
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SUMMARY AND CONCLUSIONS OF THE 
MARINE TRANSPORTATION CASE STUDY 


The studies conducted of the potential use of SEASAT 
ocean condition data and resulting forecasts by dry cargo ships 
and tankers reached the following conclusions. The SEASAT ocean 
condition data and resulting forecasts could be usefully employed 
to route ships around storms, thereby resulting in reduced 
adverse weather damage, time loss and the related operating costs, 
and occasional catastrophic losses. These benefits are incre- 
mental benefits beyond those which present and future conventional 
ship routing procedures can supply . The values of these benefits 
are as follows: 

• Reduction in delay- time on all U.S. trade routes 
yields annual undiscounted benefits of approxi- 
mately $20,660,000 for dry cargo ships 

• Reduction in delay time on all U.S. trade routes 
yields cumulative discounted benefits, 1985-2000, 
of approximately $86,620,000 for dry cargo ships 

• Reduction in hull damage on all U-S. trade routes 
yiel'ds annual, undiscounted benefits of approxi- 
mately $6,400,000 for dry cargo ships 

• Reduction in hull damage on all U.S. trade routes 
yields cumulative discounted benefits, 1985-2000, 
of approximately $26,840,000 for dry cargo ships 

• Reduction in delay time on Canadian trade routes 
yields annual undiscounted benefits of $6,440,000 
to $9,220,000 for dry cargo ships 

• Reduction in delay time on Canadian trade routes 
yields cumulative discounted benefits, 1985-2000, 
of $25,200,000 to $43,800,000 for dry cargo ships 

• Reduction in marine insurance costs for dry cargo 
ships on Canadian trade routes yields annual 
undiscounted benefits of $5,000,000 to $34,900,000 
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• Reduction in marine insurance costs for dry cargo 
ships on Canadian trade routes yields cumulative 
discounted benefits of $24,500,000 to $163,600,000 

• Reduction in delay time on all major world routes 
yields annual undiscounted benefits of $3,430,000 
to $16,680,000 for the world tanker fleet 

• Reduction in -delay time on all major world routes 
yields cumulative discounted benefits of 
$19,400,000 to $94,250,000 for the world tanker 
fleet 

• Reduction in catastrophic losses on all major 
world routes yields annual undiscounted benefits 
of $5,830,000 to $19,420,000 for the world tanker 
fleet 

• Reduction in catastrophic losses on all major 
world routes yields cumulative discounted benefits, 
1985-2000, of $32,930,000 to $109,800,000 for the 
world tanker fleet 

• Overall annual undiscounted benefits are $47,760,000 
to $107,280,000 

• Overall cumulative discounted benefits, 1985-2000, 
are $215,490,000 to $524,910,000. 

These overall results are presented in tabular form 
on page 14'3, All figures are in 1975 U.S. dollars. The annual 
figures presented above are for the first fully operational 
year for SEASAT, 1985. The discount rate used is 10% in all 
cases. 
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OVERVIEW OF THE ASSESSMENT 


This report, consisting of ten volumes, repre- 
sents the results of the SEASAT Economic Assessment, as 
completed through August 31, 1975. The individual volumes 
in this report are : 

Volume I - Summary and Conclusions 

Volume II - The SEASAT System Description and 
Performance 

Volume III - Offshore Oil and Natural Gas Industry - 
Case Study and Generalization 
■Volume IV - Ocean Mining - Case Study and Generali- 
zation 

Volume V - Coastal Zones - Case Study and Generali- 
zation 

Volume VI - Arctic Operations - Case Study and 
Generalization 

Volume VII - Marine Transportation - Case Study and 
Generalization 

Volume VIII - Ocean Fishing - Case Study and Generali- 
zation 

Volume IX - Ports and Harbors - Case Study and Gen- 
eralization 

Volume X - A Program for the Evaluation of Opera- 
tional SEASAT System Costs. 

Each volume is self-contained and fully documents 
the results in the study area corresponding to the title. 

Table 1.1 describes the content of each volume to aid readers 
in the selection of marerial that is of specxfic interest. 

The SEASAT Economic Assessment began during Fis- 
cal Year 1975. The objectives of the preliminary economic 
assessment, conducted during Fiscal Year 1975, were to identi- 
fy the uses and users of the data that could be produced by 
an operational SEASAT system and to provide preliminary esti- 
mates of the benefits produced by the applications of this 
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Volume No. 
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Summary and Conolusians 


T3C The SliftSAT System 

Description and Per~ 
formance 


111 OfEsJiorc Oil and 

Natural Gas Industry- 
Case study and Goner- 
a ] i^a L lou 
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Ocean Mining - Case 
Study and General- 
ization 


organization of the Final Report 


Content 


A summary of benefits and costs, and a statement of the 
major findings of the assessment. 


A discussion of user requirements, and the system concepts 
to satisfy these requirements are presented along with a 
preliminary analysis of the costs of those systems. A 
description of the plan for the SEASAT data utility studies 
and a discussion of Che preliminary results of the simula- 
tion BKperiinents conducted with tlio objective of quantifying 
the effects of SEASaT data on numerical forecasting. 


The results ol Case studies which investigate the effects of 
forecast accuracy on offshore operations in the North Sea, 
the Celtic Sea, and the Gulf of Mexico are reported. A 
methodology for generalizing the results to other geographic 
regions of offshore oil and natural gas exploration and de- 
velopment IS described along with an estimate of the world- 
wide benefits. 


The results of a study of the weather sensitive features of 
the near shore and deep water ocean mining industries are 
described. Problems with the evaluation of economic benefits 
for the deep water ocean adninq industry are attributed to 
the relative jmiaaturiLy and highly proprietary nature of the 
Indus try . 






Ta))]c I.l: Con Lent 

and Orqanization of the rlnal lloport 
( con ti iiuod } 

Volume No. 

Ti tie 

Content 

V 

Constni Zorios - Cnso 
SLucl/ cind Ccncrnl' 
i?.otion 

TfiG study and generalization deal witli the economj c losses 
sustained in the U.S. coastal zones for the purpose of 
quantitatively establishing economic benefits as a conse- 
quence of improving the predictive quality of destructive 
plienomena In U.S, coastal zones. Improved prediction of 
hurricane landfall and improved exper linental knowledge of 
Jiurricanc seeding are discussed. 

VI 

Arctic Opccdtion£i - Case 
Study and Generalization 

The hypoLhotioal development and transportation of Arctic 
oil and other tesovrees by too breaking super tanker to 
the continental East Coast are discussed. SCASAT data will 
contribute to a more effective transportation operation 
through tl^e Arctic icc by reducing transportation costs as 
a consc^ucnoc oC reduced transit time per voyage. 

VII 

Marine Tran*5portation- 
Caso Study and General- 
1 z o 1 1 o n 

A discussion of tlic case studies of the potential use of 
SEASAT ocean condition data in the improved routing of dry 
cargo sliips and tojikvrs. Uesulting forecasts could be 

useful in routing ships around storms^ Li^ereby reducing 
adverse weather damage, Lime loss, related operations costs, 
and occasional ca La st ropit ic losses. 

VIII 

Ocean riahij )9 - Caco 
Study and Gonoraliz- 
0 Lion 

The potential application of SCASAT data with regard to 
ocean fisheries is disctissod m this case study. Tracking 
fish populations, indirect assistance in forecasting expected 
populations and assistance to fishing fleets in avoiding 
costs incurred due to adverse weather through improved ocean 
conditions forecasts wore investigated. 

IX 

Ports and Harbor*? - Case 
Study and Genera 1 iza t i on 

The case study and generalization quantify benefits made 
possible through improved weather forecasting resulting 
from the integration of SCASAT data into local weather 
forecasts. The major source of avoidable economic losses 
from inadequate woatl»er forecasting data was sliown to be 
dopondont on local precipitation forecasting. 

X 

A (Program Cor the Evalu- 
ation of Operational 
SCASAT System Costs 

A discussion of tlie SATIii 2 Progiam which was developed to 
assist in the evaluation of Ll\o costs of operational SCASAT 
system a i t e r n a L I V cs . 5?A'i'lf. 7 , enables the .assessmen b of tho 

effects of operational roqu 1 remon ts , reliability, and time- 
plia*icd costs oC alternative approaches. 
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data,* The preliminary economic assessment identified large 
potential benefits from the use of SEAS AT-produced data in the 
areas of Arctic operations, marine transportation, and offshore 
oil and natural gas exploration and development. 

During Fiscal Year 1976, the effort was directed to- 
ward the confirmation of the benefit estimates in the three 
previously identified major areas of use of SEASAT data, as 
well as the estimation of benefits in additional applica.tion 
areas. The confirmation of the benefit estimates in the three 
major areas of application was accomplished by increasing both 
the extent of user involvement and the depth of each of the 
studies. Upon completion of this process of estimation, we have 
concluded that substantial, firm benefits from the use of oper- 
ational SEASAT data can be obtained in areas that are extensions 
of current operations such as marine transportation and offshore 
oil and natural gas exploration and development. Very large 
potential benefits from the use of SEASAT data are possible in 
an area of operations that is now in the planning or conceptual 
stage, namely the transportation of oil, natural gas, and other 
resources by surface ship in the Arctic regions. In this case, 
the benefits are dependent upon the rate of development of the 
resources chat are believed to be in the Arctic regions, and 
also dependent upon the choice of surface transportation over 
pipelines as the means of moving these resources to the lower 

SEASAT Economic Assessment, ECON, Inc., October 1974. 
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latitudes. Our studies have also identified that large 
potential benefits may be possible from the use of SEASAT 
data in support of ocean fishing operations. However, in 
this case, the size of the sustainable yield of the ocean 
remains an unanswered question; thus, a conservative view-; 
point concerning the size of the benefit should be adopted 
until the process of biological replenishment is more 
completely understood. 

With the completion of this second year of the 
SEASAT Economic Assessment, we conclude that the cumulative 
gross benefits that may be obtained through the use of data 
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military mission effectiveness in areas where benefits are 
known to exist.* It is currently planned that the Navy 
will use SEASAT-A data to quantify benefits in military 
applications areas. A one-time military benefit of approx- 
imately $30 million will be obtained by SEASAT-A, by pro- 
viding a measurement capability in support of the Depart- 
ment of Defense Mapping, Charting and Geodesy Program. 

Preliminary estimates have been made of the costs 
of an operational SEASAT program that would be capable of 
producing the data needed to obtain these benefits. The 
hypothetical operational program used to model the costs of 
an operational SEASAT system includes SEASAT— A, followed by 
a number of developmental and operational demonstration 
flights, with full operational capability commencing in 
1985. The cost of the operational SEASAT system through 
2000 is estimated to be about $753 million ($1975, 0 per- 
cent discount rate) which is the equivalent of $272 million 
($1975) at a 10 percent discount rate. It should be noted 
that this cost does not include the costs of the program's 
unique ground data handling equipment needed to process, 
disseminate or utilize the information produced from SEASAT 
data. Figures 1.1 and 1.2 illustrate the net cumulative 
SEASAT exclusive benefit stream (benefits less costs) as a 

•k 

. "Specifications of Stringency of Satellite Oceano- 
graphic Measurements for Improvement of Navy Mission 
Effectiveness." (Draft Report.) Navy Remote Sensing 
Coordinating and Advisory Committee, May 1975. 
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function of the discount rate. 

This volume describes the results of the case 
studies and generalization of the economic benefits of im- 
proved forecasts of weather and ocean conditions to the 
marine transportation industry. 
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2. INTRODUCTION AND BACKGROUND 


2 . 1 Case Study Approach and Overview 

The study estimates the impact of an operational SEASAT 
system on ocean .marine transportation. The areas exainined are 
operating costs, casualty costs, and insurance. In order to 
measure this impact, several broad guestions had to be answered. 
These questions were: 

• What is the total amount of global trade expected 
in the period 1375-2000? 

• What is the total number of ships of each type 
which will be operating on the major U.S- trade 
routes in the period 1975-2000? 

• What is the probability that a vessel of a given 
type operating on a given trade route will suffer 
a weather-related casualty? 

9 What is the expected cost of such a weather- 
related casualty? 

• What is the impact on time delays and operating 
costs of attempts to avoid weather-related 
casualties by such procedures as ship routing? 

• What are the weather -related impacts on marine 
insurance for non-oceangoing shipping? 

• What is the impact of SEASAT on marine casualty 
costs and weather-related operating costs? 

• Where are the incidences of costs and benefits 
realized (to whom will benefits accrue)? 

These questions were raised in this case study for 
three systems which could provide information on ocean 
conditions and weather over the oceans for use by marine 
transportation interests: 
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• The present system - assumes the present system 
will be operating in the 1985-2000 period. This 
is the baseline case 

• The modified present system - assumes the present 
system will be improved by advances in forecasting 
science and data collection for the period 1985-2000 

• The SEASAT aided system - assumes the modified 
present system plus further advances in data 
collection and forecasting for the period 1985-2000 
as a result of the operational SEASAT system 

The case study chosen was container ship crossings on 
the North Atlantic, trade route 05 (between the US and the United 
Kingdom and Ireland) . 

The overall approach is illustrated in Figure 2.1, the 
Marine Transportation Case Study Overview. 

It should be noted that the focus of the benefit 
analysis was on the real side as opposed to the financial side. 
That is, the study focused on reductions in ship damage, ship 
operating costs, cargo losses and, in general, in the loss of 
labor and capital due to weather damage on the oceans. The 
financial approach', not followed here, would focus on the other 
side of the same coin, i.e., the reduction in premiums or the 
increase in profits of the marine insurance firms and/or the 
shipping companies and/or shippers and/or consumers due- to the 
reductions in real losses. Theoretically, the benefits as 
measured by either approach should yield the same result. The 
real approach -was chosen because it provided a direct, more 
accurate, more accessible estimate. The financial side would 
have required intimate knowledge of competitive conditions in 
the shipping industry, the marine insurance industry, and the 


consumer industry. 
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2 . 2 The Volume of World Shipping, 1985-2000 

The procedure for generating benefits in each area 
of the SEASAT economic assessment involves cas'e study 
analysis followed by generalization of the results of the case 
study. Accordingly, it was necessary to develop a global 
forecast of shipping to support the generalization of the 
marine transportation case study and several of the other case 
studies in progress or being contemplated. This chapter is 
devoted to a discussion of the forecasts generated for the 
generalization process. 

In order to make the large step from the case study 
to the global generalization, it was necessary to fill in some 
information between these points. Working from the top down, 
the relative density of the global shipping forecasts for 
1985-2000 was developed from the 1 i t era tur e by ma jor areas 
of the oceans and by- major vessel type. Working from the bottom 
up, detailed shipping forecasts, identical to the ones used for 
the specific vessel type on the specific U.S. trade route in 
the case studies, were developed for all major U.S. trade 
routes . 

2.2.1 Global Forecasts 

The forecast variables needed for the generalization 

included : 

• Quantity of oil shipped 


Number of tankers 
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• Freight rates (revenues) for tankers for 1985- 
2000 

9 Quantity of dry cargo shipped 

• Number of dry cargo ships 

• Freight rates for dry cargo ships for 1985- 
2000 . 

Since- oil shipments make up slightly over one-half 
the value of all cargo shipped in the world and over one-half 
the volume of cargo shipped in the world and since the explana- 
tion of oil flows involves political and economic factors which 
have changed in some dramatic and discrete steps, it was neces- 
sary to keep the forecasts of dry cargo and oil separate. An- 
other substantive consideration which influenced the forecasts 
was the size of ships, particularly of oil tankers. It was 
necessary to forecast both the number of ships and the volume 
shipped in order to capture trends in the size of ships. And, 
finally, it was necessary to obtain estimates of the revenue 
flow in shipping. This involved forecasts of freight rate 
trends. Freight rates are the fundamental unit price in 
shipping-. 

A survey of the literature reveals a large number 
of shipping forecasts. These include: 

a . Determination of Shipping Industry Submarkets , 
Mathematica, July 1972. 

b . Domestic Waterborne Shipping Market Analysis , 

A. D. Little, February 1974. 

c. Transportation Cargo Study , Planning Research 
Corporation, March 1971, 
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d , Oceanborne Shipping; Demand and Technology 
Forecast , Litton Systems, June 1968. 

e - Position Papers Relating to the Hew Maritime 
Program , U.S. Maritime Administration, March 
1973 . 

^ * The Impact of the Maritime Containerization on 
the United States Transportation System , 
Manalytics, February 1972. 

g . A Report to the tl.S. Department of Commerce, 
Maritime Administration for Phase I Ship Design 
and Program Studies for a U.S. Flag Merchant 
Fleet , Newport News Shipbuilding and Dry Dock 
Co . , 1970 . 

h. Isthmian Canal Demand Forecast. An Economic 
Analysis of Potential Tonnage Traffic , Depart- 
ment of Transportation, 1969. 

i . Analysis of Merchant Shipping and International 
Commodity Flows , Center for Naval Analysis, 
February 1969. 

3 • Forecast of U.S. Oceanborne Foreign Trade in Dry 
Bulk Commodities , Booz-Allen Applied Research, 
March 1969. 

The full reference for each of these studies may be 
found in the References as [30], [32], [31], [29], [35], [1], 

[2], [3], [4], and [5], respectively. 

However extensive this list may be, none of the 
individual studies nor a pooling of their results could provide 
a consistent forecast for 1985-2000 for each of the variables 
indicated above. Therefore, an econometric model was construc- 
ted to make a consistent set of forecasts- 
2.2.2 The Econometric Model - Global Forecasts 


An eight equation econometric model was constructed. 


Five of the equations were utilized to make oil forecasts, and 
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three equations were utilized to make dry cargo forecasts. 

There were eight endogenous variables, i.e., variables solved 
for within the model. These were: 

•' Consumption of oil 

• Quantity of oil shipped 

• Number of tankers 

• Ac.tive tankers 

• Freight rates (revenues) for tankers 

• Quantity of dry cargo shipped 

• Number of dry cargo ships 

• Freight rates for dry cargo ships for 1985- 

2000 . 

In the parameter estimation phase, it became necessary 
to distinguish between active and total number of tankers. 

Gross tonnage of tankers and dry cargo ships proved better for 
estimating purposes than the absolute number of ships. However, 
the number of ships can be obtained directly with an assumption 
about the future size of ships. One of the endogenous vari- 
ables, freight rates, was determined by a recursive procedure. 

Two exogenous variables, i.e., variables fed into 
the model, were employed: 

• Price of oil per barrel 

• Level of world industrial production. 

Shipping demand is essentially a derived demand. 

It is derived from the demand for the good-s which are to be 
shipped. In the case of oil, this involved estimating the 
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consumption demand for world oil as a function of the price 
per barrel. In the case of dry cargo, it was assumed that the 
quantity of dry cargo demanded was directly related to the 
level of world industrial activity which is given exogenously. 
On the supply side, it was assumed that the most important 
•consideration was the past behavior'~of freight rates. 

These functional relationships involved considerable 
aggregation and simplification. A thorough analysis would 
distinguish between liner and tramp service (scheduled and 
unscheduled service) and between time charter and trip charter 
service. Shipping supply would also have to be related to 
capital costs and to operating expenses. These variables are 
hard to come by or nonexistent. Construction of these series 
would involv e considerable effort with questionable results; 
see, for example, Dreihuis' [27] construction of an index of 
operating expenses. 

The goal of the effort in this section was to provide 
accurate forecasts as opposed to obtaining causal explanations 
of the behavior of the variables in question. Thus, the simple 
exponential growth model form 



was used whenever it gave a good fxt and did not violate common 
sense considerations. For example, past data on the consump- 
tion of oil are fit easily with the basic exponential growth 
model. But the price of oil per barrel tripled in the 



18 


last year. Projecting the trend from 1950-1973 to 1985-2000 
would be meaningless. Accordingly, the price of oil per barrel 
was included along with past growth to forecast the consumption 
of oil: 


C 


oil 



P 


al 
oi 1 ' 


while this did not improve the fit of past data in 
any significant way, it greatly increased the plausibility of 
the forecasts. 

In addition- to limiting the level of disaggregation 
and relying on growth trends rather than purely causal vari- 
ables, a number of statistical simplifications were a,lso made. 
Spectral analysis, which might have yielded some better fitting 
lag relationships, was not performed; nor were the equations put 
into first differences; nor was two-stage least squares used to. 
estimate the coefficients. 

Each of the disaggregations and statistical improve- 
ments mentioned above might have improved the forecasts but at 
an expense in time and effort which, it was judged, would not 
be justified by the results. The final form of the eight- 
equation econometric model used to make the global forecasts 
is illustrated in Figure 2.2, System of Equations Used to Make 
Global Forecasts, with the estimated coefficients. The pro- 
cedure by which these coefficients were estimated is described 
in the next section. 




Figure 2.2 System of Equations Used to Make Global Forecasts 
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2.2.3 The Results - Global Forecasts 

The data used to make the global forecasts was 
from 1950-1973 in most, but not all, cases. Quantity of 
oil shipped, quantity of dry cargo shipped, gross tonnage of 
oil tankers and dry cargo ships, and active tonnage of oil 
tankers are found in OECD Maritime Transport, 1973 [-28] j the 

freight rates for tankers and dry cargo are from the Norwegian 
Shipping News [6]; consumption of oil is from the United 
Nations, World Energy Supplies , Series J [7] ; the index of 
world industrial production is from the United Nations, 

Growth of World Industry [8] ; and the price per barrel of oil is 
found in the United Nations, Monthly Bulletin of Statistics [9] 
and weighted by the relative amounts of production and deflated 
by the U'. S . wholesale price index as found in the U.S. Depart- 
ment of Commerce, Statistical Abstract of the United States [10]. 

Using this data base, the coefficients of the system 
were estimated and presented above in Figure 2.2, system of 

Equations Used to Make Global Forecasts. In general, th.e fits 

2 

were good with R above .90 in all cases except for freight 

rates which exhibited an oscillatory behavior and yielded 
2 

R ’s of about .50. a polynomial or sinusoidal function would 
have yielded a better fit but would not have been useful for 
such long extrapolations as the 1985-2000 time period. The 
t values were low in some cases (only significant above the 
.80 level) where a causal explanatory variable was desirable, as 
in the case of the price per barrel of oil. 
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The forecast results are presented in Figure 2.3, 
Global Forecasts from Econometric Model. The following results 
were found: 

• The quantity of oil shipped will continue to grow^ 
but at a slightly slower rate (10.3% down to 9.4% 
per annum) 

• The growth of the tanker freight rate index will 
continue, but at a slower rate (2.5% down to 2.0% 
per annum) 

• The growth of gross tanker tonnage will continue 
at about the same rate (8.3%), although this will 
mean fewer ships since the size of tankers is 
increasing 

• The quantity of dry cargo shipped will grow at a 
faster rate (6.2% up to 7.0% per annum) 

• The decrease in the dry cargo freight rate index 
will continue, but at a slower rate (-1..% down 
to -0.4%) 

• The growth of gross dry cargo ship tonnage will 
continue/ but at a higher rate (4.0% up ' to 4.9% 
per annum) . 

These forecasts were based on a number of 
assumptions. It was assumed that world industrial activity 
would continue to increase at about the same rats as in the 
period 1950-1973, It was assumed that the price per barrel of 
oil would jump from $3.42 to $11.00 per barrel in 1974 and 
would continue to grow at the rate of the 1950-1973 period, 
i.e-, slightly less than 1% increase per annum. 

2.2.4 Densities of Global Traffic on Major World Routes 

The distribution of ships globally is difficult to 
estimate. A limited number of such comprehensive data sources 
which would make such estimates possible are available. The 
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most comprehensive. source of operating information on ships 
are Lloyd's Register of Shipping and Lloyd's Register of 
Shipping Statistical Tables . The U.'S. Maritime Administration 
publishes A Statistical Analysis of the World Fleet E'25] each 
year based on Lloyd's data. However, only about half the 
world's fleet of 21,000 will be at sea at any one time. The 
U.S. Coast Guard also opera-tes an Automated Mutual-Assistance 
Vehicle Rescue System (AMVER)' as an international program by 
which vessels may indicate their sail pla-ns. This computer- 
based system enables participants to receive emergency assis- 
tance from one another. While the number of participants may 
vary considerably, the 2,097 average of ships (daily average 
of vessels on daily plot) which participated in October 1974 
is not -unusal. 

A number of maritime research groups have conducted 
studies of the densities of the world fleet on the various 
trade routes. These organizations include: Ocean Routes, Inc., 

of Palo Alto, California; Ocean Data Systems, Inc.,- and 
Automated Marine International. The most comprehensive analy- 
sis of world fleet densities by route that has been done 
recently is by Automated Marine International [16, Volume I]. 

The Automated Marine International study of densities 
was done in three different ways to provide a consistency check. 
The first method was to update a World Meteorological Organization 
(WMO) s.tudy of densities done in 1964. . The second method was the 
use of Lloyd ‘ s List , a daily publication^ with arrival and depar- 
ture information for 3,000 to 5,000 ships, to compile a density 
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map. The third method was the use of AMVER data as a sample to 
project the overall densities. The results indicated fairly simi- 
lar estimates for the WMO and Lloyd's based studies,, but the AMVER 
data lacked sufficient representativeness to yield reliable 
results. In addition to making estimates for 1969, forecasts 
of densities were made for 1972 and 1975 and 1980. The results 
are summarize'd in Figure 2.4, Ship Population Trends by Ocean, 

1969 to 1980. An illustration of the density map for the 1980 
forecast is given in Figure 2.5, 1980 Projected Overall Worldwide 
Merchant Ship Distribution. 

The principal facts to note in the estimates are the 
equal dominance of Atlantic and Pacific routes. The AMI fore- 
cast for 1980 indicated only two major shifts. These were 
the increasing urade flows to and from Japan, based on Japan's 
exceptional economic growth, and the shift of the world's 
fishing fleet away from the traditional fisheries (as they . 
reach or exceed their maximum sustainable yield) to new waters 
in the Indian Ocean and elsewhere. However, since the Automated 
Marine International study was done, Japan's economic growth has 
slowed. In addition, this study does not deal with the world 
fishing fleet. Therefore, it will be assumed that the Atlantic 
and Pacific routes will continue to contain the bulk of world 
shipping for the generalization made in Section 3.4. 
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2 . 3 Weather Routing Procedures and Potential Benefits 

Attempts by ships to avoid adverse weather have 
already been systematized. The system is referred to variously 
.as optimum track ship routing (OTSR) , opt-imum ship routing (OSR) , 
or, simply, ship routing or weather routing. Data from SEASAT 
which is to be used for ship routing will probably be fed into 
the existing weather routing set of systems. This, was one of 
the reasons for taking a close look at weather r'outing. A 
second important reason for scrutinizing the present weather 
routing system was that it was one way to quantify the potential 
benefits of SEASAT in this area. By examination of the impact 
of the present weather routing systems on weather-related 
casualty costs and operating expense losses, together with an 
assessment of the capability of SEASAT to extend these savings, 
it was possible to measure the economic effect in the marine 
insurance area of SEASAT-type data. 

2.3.1 The Present Weather Routing Systems 

There is no single weather routing system today. 

Rather, there are a number of commercial services such as 
Louis Allen, Washington, D.C.; Bendix Commercial Service 
Corporation, South Hackensack, New Jersey; Ocean Routes, Inc., 
Palo Alto, California? and the Navy's Fleet Numerical Weather 
Central (FNWC) , Norfolk, Virginia, and Monterey, California. 

In addition, there are weather routing services operated by 
foreign individuals and governments. 
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The charge per ocean crossing for these routing 
services may run from $95 to $300, but is generally in the 
$200 to $250 range. The charge may be for simply recommending 
the entire route in one analysis before the crossing begins, or 
it may involve a more complete service. In its most thorough 
form, the weather routing might involve a discussion with the 
captain before departure to obtain such information as 
the cargo to be carried, will any of it be stored on deck, or is 
there any special reason that a speedy crossing is necessary. 

A recommended route will then be selected based on the informa- 
tion gathered from the captain, from weather forecasts, from 
information about the ship's rated speed and ability to handle 
heavy seas, etc. 

Once the voyage is begun, the weather router may 
contact the ship with revised information or suggestions as to 
the route as often as twice a day. The FNWC runs its fore- 
casting program and ship routing program twice a day, and 
Navy ships often have a radio operator on duty continuously. 
However, for commercial vessels, route recommendations are 
restricted to usually one contact per day since most commercial 
vessels have one radio operator who will be on duty nine hours 
per day (usually in three-hour daylight shifts with one.-hour, 
in-between shifts). When the voyage is completed, the routing 
service may also involve a post-voyage consultation and 
analysis. The ship's log book may be examined in conjunction 
with a record of the router's recommendation to ascertain the 
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cause of a slow crossing time or failure to avoid a heavy storm 
or the reason for the departure from the recommended route. 

The above description pertains to a complete weather 
routing service. Often, contact is made only every few days, 
whenever a major change in weather conditions on the route takes 
place, and there may not be a post-voyage analysis. 

Weather routing became available in the early 1950' s, 
but the expansion of the weather routing services did not occur 
until the mid-1960's. Presently, on a given day, Ocean Routes; 
Bendix; Louis Allen, Inc.; FNWC Monterey; and FNWC Norfolk may 
handle 850 ships among them. These numbers may vary consider- 
ably. For example. Ocean Routes may handle 1,000 ships on a 
given day and FNWC Monterey may handle more than 200 ships during 
a major military supply effort. Since 11,000 to 12,000 of the 
world fleet of approximately 21,000 may be on the ocean on a 
given day, the American commercial and government weather 
routing services will be guiding approximately 7% of all ships 
on the oceans on any such day. 

2.3.2 The FNWC Monterey Weather Routing Procedure 

The weather routing services vary considerably in 
their technical approach to ship routing. In general. Ocean 
Routes and FNWC Monterey follow an automated approach, while 
all others are manual. A detailed discussion of the FNWC 
Monterey operation is given here. 

The basic input data come from the local 0800 report 
of ships at sea (that is, 0800 in the ship's time, not FNWC 
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5. Visibility 

6. Temperature 

7. Present weather - fog, rain 

8. Last weather (exactly 3 hours ago) 

9. Barometric pressure 

10. Type and height of clouds 

11. Course and speed 

12. Sea water temperature 

13. Sea direction and heigh-t 

14. Swell direction and height 
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The FNWC Monterey deals with a ship population which 
may be 50% Navy fleet ships and 50% Military Sealift Command 
(MSC) . MSCs are commerc ial . ships on lease to the government. - 
About 95% of these ships send in the 0800 report. About 20- 
30% of the ships send in synoptic reports every six hours 
ideally. Some ships, especially MSCs, .have only one radio' 
operator and they send only one synoptic report in his on-duty 
hours. Fleet ships are more apt to have a complete reporting 
schedule . 

The measurements by ships at sea are usually done 
by sight and rough estimation rather than by scientific 
instruments. The procedures for making these rough estimates 
are described in Bowditch, American Practical Navigation , H. 0. 
Publication, No. 9, p. 1060. 

Fleet ships send reports directly to Naval Communica- 
tions, while MSC vessels, which are on a commercial broadcast fre- 
quency, transmit a commercial message, which is then fed into Naval 
Communications. FNWC is hooked up to all Naval Communications 
by switching techniques. The transmissions come out as typed 
messages at FNWC? they are written by hand onto coding sheets, 
keypunched, and fed into an update program. However, in a 
matter of months, FNWC expects to eliminate the transcription 
to cards and go directly onto tape with the ship reports. 

Weather information is collected from other sources 
besides the ships at sea. For example, the National Weather 
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Service products collected include: 

• Teletype - raw data 

analyses 

- forecasts 

• Facsimile - analyses 

- forecasts 
satellite photos. 

National Weather Service weather products are used 
subjectively at present by FNWC; i.e., they are not direct 
inputs to FNWC programs for forecasting and ship routing. Some 
of the commercial services rely heavily on NWS products. For 
example. Ocean Routes may use, very roughly, one-third each of 
inputs from ships, FNWC, and NWS in making their routing 
recommendations. In addition to the NWS, FNWC collects weather 
products from a variety of services such as the U.S. Air Force 
and foreign government weather services. There is considerable 
exchange of whatever information is available among weather 
agencies and ship routers. 

After the data base is updated, a forecas.t is made. 
The forecast program is run twice a day beginning at 0000 and 
1200, local time. It takes 4-1/2 to 6 hours to run. Of this 
time, three hours may be spent in internal data transformation 
and 1-1/2 hours may be spent making the actual forecast. The 
resulting forecasts are used for a great variety of purposes, 
of which ship routing is only one. The outputs of the fore- 
casting program go onto magnetic tape and become direct input 
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to the ship routing computer program. Previously prepared com- 
puter cards with ship information such as identification, ship 
type, destination, etc., are also an input at this time to the 
ship routing program. There are a great number of mathematical 
models which use variational calculus to select the optimum 
tract (minimize time for ocean crossing subject to a constraint 
on the wave height or wind conditions to be encountered) . 

A list of these programs has been compiled by Bendix Commercial 

Service Corporation and is presented in the accompanying 
Figure 2.6, Optimum Track Ship Routing Programs and Related 

Weather Forecasting Programs. For a discussion of these 

techniques, see W. Marks et. al. [17]. 

Once the recommended route is determined by the com- 
puter program, a^ manual check is made to see if any change 
in the previously recommended route is called for. The results 
then be transmitted to the ships at sea by radio at the 
®^tliest convenient time. This may be almost immediately if 
some unusual or drastic action is called for and if the radio 
operator can be contacted. More likely it will be several 
hours, possibly as many as 12 hours, before the results are 
transmitted to ships. For a more detailed description of the 
forecasting program and the ship routing program in use at 
FNWC Monterey, see William M. dune [18] . 
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• Bunting, D-C. , 1966, Wave HindcasC Project-North Atlantic ocean, 

TR-183, U.S. Naval Oceanographic Office, Washington, D.C., 

42 pp. 

Mositowitz, L, I., 1967, Evaluation of Spectral Wave Hindoasts 

Using the Automated Wave Prediction Program of the Naval 
Oceanographic office, IR No* 67—78, U*S* Naval Oceano- 
graphic Office, Washington, O.C., 32 pp . 
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Plainview, New York, 59 pp. 
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Note: List compiled by Bendix Commercial Service 

Corpora fcion . 


Figure 2.6 Optimum Track Ship Routing Programs 

and Related Weather Forecasting Programs 
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In summary, the throughput time for the weather 
routing at FNWC Monterey involves: 

1. Data collection - continuous, eclectic 

2. Data processing - 1/2 to 1 hours 

3. Forecasting program - 4-1/2 ‘to 6 hours 

4 . Ship routing program' - 1/2 to 1-1/2 hours 

5. Distribution of results - 0 to 12 hours 

Total throughput time - 5-1/2 to 20-1/2 hours 
2.3.3 Present Weather Forecast Accuracy 

Improvements in weather routing procedures will come 
from a_ number of developments. These include; 

• Better forecasting: 

from better and greater quantities of data, and 
from advances in the mathematics of forecasting 
models 

from management improvements which yield shorter 
throughput times 

• Better ships: 

design improvements which provide greater strength 
and/or greater speed which permits ships to outrun 
or skirt storms 

Focusing on better forecasting, two areas of general 
improvement are possible in regard to accuracy. 

• Shortened throughput time due to better management 
practices 

• System improvements which include advance's in 
forecasting science, more data, better quality 
of data. 
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The first type of improvement essentially involves pro- 
viding more up-to-date forecasts. Since all current fore- 
casting indicates a gradual deterioration until the forecasts 
are no better than a. random forecast, the accuracy is improved 
by shifting the forecast accuracy function to the right, as 
illustrated in Figure 2.7, Improvement in the Weather Forecasting 
System . 

The second type of improvement, system improvements, 
tends to shift the forecasting accuracy function straight up, 
illustrated in Figure 2.7, Improvement in the Weather Fore- 
casting System. 

There is no generally agreed upon measure of accuracy 
of forecast in common use. In the case of ship routing, the 
most important measure is sea-state, which more specifically 
is measured by wave height. Other commonly used measures of 
sea-state include wind velocity, Beaufort wind scale, and 
sea-state number. The interrelations of these measures is 
presented in Figure 2,8, Descriptors of Sea-State, from Rhodes 
and Chadwick, [11, p, 2] . An appropriate measure of accuracy 
might then be the percentage of time the forecast wave height 
was within some specified error limit from the observed wave 
height. This would be on the horizontal axis in Figure 2.7. 

The National Weather Service forecasts are supported 
by a verification program. A summary of the forecast verifica- 
tion for April 1972 to March 1973 is given in Sadowski [36] . 
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However, these verification results are for land areas. The 
office within NOAA that makes wave height forecasts is Ocean 
Services Division. Their measure of accuracy is the mean 
absolute error i-n feet as defined in Sadowski [36] . Verifica- 
tion was accomplished until recently by comparison of fore- 
casts with observations from Ocean station vessels (u.S. Coast 
Guard ships at sea) which, with one exception, are no longer 
available. For July-August in 1969, for example, on the North 
Atlantic the following results were realized: 


Forecast 

horizon (hours) 

12 

24 

36 

48 

Forecast accuracy 
(mean absolute error in feet) 

2.5 

2,5 

2.7 

2.9 

The 

observed mean height 

of waves 

in this 

period 

wa s 


4,4 feet. For January-February on the North Atlantic the mean 
wave height was 7.4 feet with a standard deviation of 6.0 feet, 
while the mean absolute error of forecast was 4.0 feet for the 
36-hour forecast. 

More recently, the Weather Service Forecasting Office 
has been conducting verification of the Ocean Services 
Division wave height forecasts. The 1974 summary is based on 
10 circular areas in the North Atlantic of approximately 240 
nautical miles in diameter. The circular areas are found 
between 32® north to 60® north latitude and betv;een the east 
coast of the u.S. and 35° west longitude. The verification 
indicates accuracy similar to the earlier study. For example. 
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the 36 hour, July-August mean absolute error of forecast was 
again 2 . 7 feet . 

The earlier ocean condition forecast verification 
activities of the National Weather Service are discussed in 
Pore and Perrotti, "Results of the Techniques Development 
Laboratory, Automated Wind— Wave Forecasts for the Period of 
September 1968 Through August 1970," [12] and Pore and 

Richardson, "Weather Service Program in Objective Wind-Wave 
and Swell Forecasting," [19]. 

The general level of present weather forecasting 
accuracy has been summarized in American Meteorological 
Society, "Policy Statement of the American Meteorological 
Society on Weather Forecasting, as adopted by the Council on 
October 20, 1972," Bulletin of the American Meteorological 

So c i e ty , 54 (1) , January 1973, pp. 47 — 48. A relevant portion 
of this statement follows: 

Weather forecasts prepared by professionally- 
trained personnel presently achieve the following 
levels of skill, on the average: 

For periods up to 48 hours , weather forecasts 
of considerable skill and utility are attained. 
Detailed forecasts of weather and its changes 
can be made for the first 36 hours. Probabili- 
ty estimates markedly increase the information 
content of such forecasts, especially with 
regard to precipitation occurrence. In this 
period, skill is a maximum in predicting the 
motion and general effects of weather systems 
having dimensions of five-hundred miles or 
more. However, small-scale features imbedded 
in these systems cause hour-to-hour variations 
in weather which are difficult to predict, 
especially for local areas with irregular 
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topography. Also, the exact location of certain 
highly significant weather phenomena, such as 
severe thunderstorms and tornadoes, cannot be 
forecast accurately with any degree of skill 
beyond a few hours, although the general area of 
severe storm activity may be predicted up to 
24 hour's in advance. Accurate forecasts for in- 
frequent events such as heavy snow, sleet and 
damaging winds are usually limited to periods 
not exceeding 24 hours. 

For periods up to 5 days , daily temperature 
forecasts of moderate skill and usefulness are 
possible. Precipitation forecasts to 3 days, at 
an equivalent level of skill, can be made, but • 
the skill drops to marginal levels on the fourth 
and fifth days. 


For periods of more than 5 days , average 
temperature conditions for periods from a week 
up to a month or season can be predicted with 
some slight skill* Day-to-day or week-to-week 
forecasts within this time range have not 
demonstrated skill. There is some skill in 
prediction of total precipitation amounts for 
periods of 5 to 7 days in advance; skill for 
longer periods is marginal. 

Recent theoretical work on atmospheric predict- 
ability indicates that the intrinsic properties of 
the atmosphere, together v/ith the impossibility of 
observing every detail of atmospheric behavior, 
impose an upper limit for the prediction of day- 
to-day weather changes. This period is believed 
to be about one to two weeks, depending on the 
criteria used to define a useful forecast. Present 
day forecasting accuracy, as cited above, falls 
short of the theoretical limit. There are also 
limits to the extent of time for which average 
quantities such as weekly or monthly mean tempera- 
tures can be forecast, but theoretical estimates 
of these limits are not available as yet. 

Since the g.eneral level of forecast accuracy falls 

short of theoretical limits, it may be assumed that at least 

the same is true for ocean condition forecasts where there is 

a greater paucity of input data for the forecasting process. 
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2.3.4 Future Weather Forecasting Systems 

In order to assess the benefits from SEASAT ocean 
condition data for the 1985-2000 time period, it was neces- 
sary to survey the types of forecasting systems which might 
be operational , determine the improvements in forecasting 
possible with these systems, compare SEASAT with the other 
systems, and determine the probability that the improved fore- 
casting systems would be used. This involved the gathering 
of qualitative inputs from a number of individuals by inter- 
view. These included George Hammond of Fleet Numerical 
Weather Central (FNWC) Monterey, George Francis of FNWC 
Norfolk, Robert Raguso of Bendix Commercial Services, William 
Dupin of Ocean Routes, ship captains from shipping companies 
operating out of New York and New Orleans, Kikuro Miyakoda of 
the Geophysical Fluid Dynamics Laboratory, William Shenk of 
NASA , and Susan Hellie and Art Pore of the National Weather 
Service . 

In addition to Satellites such as SEASAT there are a 
number of other data-ga ther ing methods which could be used in 
oceanographies. These include; 

m Data balloons 

• Data buoy sensors 

• Commercial aircraft 

• Over-the-horizon sea-state radar 

• Improved shipboard techniques. 
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The general impact of these data-ga ther ing techniques 
is, of course, better forecasting due to increased observa- 
tions. In a comparison of buoys, satellites, shipboard techni- 
ques, and radar, Rhodes and Chadwick [11, p. 50] found system 
costs for all techniques to be about equal for similar cover- 
age but that "satellites have the special advantage of 
routinely gathering data from all oceans of the world, not 
just the waters near North America." Since complete ocean 
coverage is mandatory for a full ocean routing service, the 
satellite system has a special advantage in this regard over 
all other potential systems. 

Increased observations are not the only method to 
better forecasting in the future. Computer technology can 
provide finer grid resolution over oceans, which is especially 
important if the vast quantity of SEASAT data is to be fully 
utilized. Also, meteorological R&D efforts can lead to better 
modeling in the form of more realistic initialization of system • 
forecasting equations and more realistic equations. As more 
data and better mathematical models become available, fore- 
casting skill scores of Weather Service forecasters improved 
from 1950 to the present (See Figure 2.9 from Miyakoda [20, 
p. 568] ) . 

In an interview with Miyakoda, he stressed the need 
for better ocean temperature information if the present skill- 
forecast horizon of 5 days is to be extended to, say, 8 or 10 
days. He believes that, with the proper data and models, some 






REPRODUCIBlLrrY OF THS 

ori^al page is poor 


Source: Miyakoda [20, p. 568]. 

Note: In the S-1 skill-score record of the NMC operational forecasts, the upper cur 
is for the 30-hour surface prognostic, and the lower curve is for the 36-hour 
500-mb prognostic. Both curves are obtained by first averaging the scores fo 
each day over one month and then smoothing the resulting values over 5 months 
with a weighting function of 1:2:4:2:1. Data courtesy of NMC. 
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forecasting skill can be demonstrated for time periods of up 
to one month. In~the SEASAT" system, sea sur.face temperature 
will be obtained by a microwave r adiome-ter . The advantage 
which SEASAT will yield ov-er the. systems of the future in 
the area of ship routing, then, depends partly on this, surface 
temperature sensing capability and partly on its extensive 
and more frequent coverage. 

The 1970 statement of the American Meteorological 
Society in the preceding section indicated that the limits of 
weather forecasting skill have not been reached. Interviews 
with the meteorologists mentioned above reaffirmed this 
belief today. The ship routers interviewed stressed the fact 
that they were anxious to receive better weather forecasts 
and felt they could provide better routing service as a result. 
Three of the ship captains interviewed expressed skepticism 
about the ship routing services, while four claimed they had 
experienced some success with it. All captains have routing 
services available to them. Some captains also feel that 
routing suggestions, which sometimes come from the home office 
rather than directly from the ship router, infringe on their 
freedom of movement. However, it was generally agreed that, 
if historical experience shows routed ships experiencing less 
delays and damage than unrouted ships, captains will be more 
likely to seek and follow routing suggestions , and ship owners 
will be more insistent that they do so.. 



The quantification which resulted from these inter- 
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views and studies is given in the dry cargo study under each 
of the appropriate topics. 

2 . 4 Marine Insurance Practices of Shipowners 

If SEASAT can be used to route ships around adverse 
weather resulting in benefits in reduced damage costs and 
operating costs, the question arises: to whom do the benefits 
accrue? No attempt was made to answer this question in the 
preliminary economic assessment performed in 1974, SEASAT Eco- 
nomic Assessment [21] . The answer to this question depends on 
the competitiveness of the marine insurance industry, the ship- 
ping industry, the distributive and retail industry, and the 
o^i^inal manufacturing industry. Economic theory can show that, 
if each of these were a perfectly competitive industry, the 
full cost reduction would be passed on to the ultimate con- 
sumers. For goods on U.S. trade routes, this would mean 
imported goods would be cheaper for the American consumer, 

U.S. exports would become more competitive in foreign markets, 
and foreign trade in general- would assume an incrementally 
greater role in the U.S. economy. 

However, the industries involved are not perfectly 
competitive, and only a portion of any true savings will be 
passed on to the consumers. An attempt will not be made to 
trace out the ultimate savings realized by consumers. Rather, 
the more modest goal of measuring the initial distribution of 
the benefit will be quantified in this section. 
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2.4.1 The Incidence of Costs and Distribution of Benefits 

The previous study, SEASAT Economic Assessment [21] , 
contained a brief outline of the marine insurance industry 
and insurance rate setting practices in Section 5.2, Mari±ime 
Insurance Rate Economics. The principal point of this 
analysis was the fact that marine insurance rates are set 
on the basis of experience rather than by expectations or by 
general class. Essentially, this means that rates cannot be 
reduced immediately for a shipowner when he installs some 
new safety feature (such as better ship routing) but only 
after experience indicates that the new feature leads to lower 
claims. Thus, the initial benefits will accrue to the marine 
insurance company to the extent that the owner relies on 
premium insurance. 

Many shipowners rely on self-insurance (retain the 
risk themselves) to meet casualties and other claims which 
arise. In order to assess the distribution of the initial 
benefit, it was necessary to get some measure of the ratio of 
retained risk to premium insured risk. No such data were 
generally available, and preliminary interviews revealed two 
problems: a reluctance of shipping companies to reveal their 

loss statistics and a great difference of opinion on what 
would be the ratio of retained risk to premium insured risk. 
Therefore, a mail survey was undertaken to estimate this ratio. 
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Ma-il sur-veys were sent to 17 major U.S. shipping 
companies and oil companies with tanker fleets (5 major U-S. 
shipping or oil companies and 2 foreign shipping companies 
indicated in a preliminary telephone survey that they would 
not be willing to complete the mail questionnaire) . The 
companies were guaranteed anonymity, and only the percentage 
distribution of premium insurance and' self-insurance was 
reque'Sted. In response to this survey, 9 questionnaires were 
received . 

The questionnaires were distinguished by type of vessel 

• Container Ships Exclusively 

• Dry Bulk Ships 

• General Cargo Ships and Combination Container/ 
General Cargo Ships 

• Tankers and Other Liquid Bulk Ships • 

Figures were requested for the years 1970 through 
1974. An example of each of the questionnaires is presented 
in Figure 2.10, Shipowner Questionnaire. The res.ults of the 
survey are presented in Figure 2.11, Summary of Survey Results. 

Since the sampl-e size is small and possibly not 
representative, it should be assumed that great uncertainty 
surrounds these figures. The sample representativeness is 
questionable because only large shipping companies were 
approached, response, was voluntary (shipping companies with 
large recent losses might be more reluctant to respond), 
there were only 9 companies which responded, and only U.S. 



50 


shipping companies were among the respondees (the U.S. fleet 
only carries 7% of all trade on U.S, trade routes). 

The number in Figure 2.11, Summary of Survey Results, 
are only relative numbers in regard to coverage. The next sec- 
tion presents- some indication of the overall marine insurance 
market . 

2.4.2 The Market 

The composition of the marine insurance market is 
difficult to determine because it is an international market, 
casualty statistics are poor or nonexistent, the U.S. fleet 
is only a small part of the world merchant fleet, and marine 
insurance is only a small part of the U.S, insurance industry 
(less than 2% of all premiums) . For 1973, Best’s Aggregates 
and Averages [22, p. 34] has for Stock Company underwritings: 

5.0% Ocean Marine 
9,8% 'Inland Marine 
85.2% All Other . 

And for the years 1971-1973 the total U.S. marine 


insurance market 

according to the Insurance Advoca 
Earned Premiums For the Years 

te was 


(millions ) 
1971 

1972 

1973 

Stock Company 

$413 

$467 

$549 

Mutual Company 

38 

48 

46 

Reinsurers and Others 20 

31 ■ 

38 

Total Ocean 

Marine $471 

$546 

$633 



Type Vessel: Container Ships Exclusively 


Casualty 

Category 

Hull 

1970 


1971 


1972 


1973 


1974 

P & I 

1970 


1971 


1972 


1973 


1974 


Percent of All Casualty Costs* 
Covered By 


Marine Insurance 


Self Insurance 


Number of Casualties 
Involved 


Casualty Costs - for the year in which the casualty occurred, rather than v;hen 
payment was made. 


Figure 2.10 Shipowner Questionnaire 










Type VessoL: Dry Bulk Ships 


Casua Ity 

Category 

Hull 

1970 


1971 


1972 


1973 


1974 

P s I 

1970 


1971 


1972 


1973 


1974 


Perconi: of All Casualty Costs* 
Covered By 


Marino Insurance 


Self Insurance 


Number of Casualties 
Involved 


casualty Costs - for the year in which the casualty occurred, rather than when 
payment was made. 


Figure 2.10 Shipowner Ques tionnarie (Continued) 









Typo Voa s el : 


General Corqo Sl^ipfj and Combination Con t a i no r/Gen o fa 1 Cargo 


Casualty Category 


Percent of All Casualty Costs* 
Covered By 


Marine Insurance 


Self Insurance 


Number of Casualties 
I nvolvod 


Hull 

1970 


1971 


1972 


1973 


1974 

i 

P fi I 

1970 


1971 ■ 


1972 


1973 


1974 


Casualty Costs - for the year in which the casualty occurred, rather than when 
payment was made. 


Figure 2.10 Shipowner Questionnaire (Continued) 









Type Vessel; Oil Tankers and Other Liquid Bulk Ships 


Casualty 

Category 

Hull 

1970 


1971 


1972 


1973 


1974 

P & I 

1970 


1971 


1972 


1973 


1974 


Percent of All Casualty Costs* 
Covered By 


Marine Insurance 


Self Insurance 


Number of Casualties 
Involved 


Casualty Costs - for the year in wliich the casualty occurred, rather than when 
payment was made. 


Fxgure 2.10 Shipowner Questionnaire (Continued) 











Tankers 

Hull 
P £ I 

General Cargo 

Hull 
P & I 

Container Ships 

Hull 
P & I 

Dry Bulk Ships 

Hull 
P S I 


Percent of All Casualty Costs 
Covered by Insurance 


Karine Insurance ! Self Insurance 


27 . 2 % 
6. 3 


(Insufficient) 
Response ) 


72.8% 
93, 7 


Number of 

Casualties 

Involved 

1, 

251 

3, 

968 

2, 

195 

93, 

456 

1 


399 

3, 

771 


[Note: Based on responses received from 9 of 17 ma]or U.S. shipping 

companies surveyed] 


Figure 2.11 Summary of Survey Results, Retained Risk Marine Insurance 
Practices of Owners (1970-1974) 
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However, this is the total marine insurance market, 
and it fails to distinguish the source of the premiums classi- 
fied by: 

• Ocean marine related to merchant shipping as 
opposed to marine (which would include yachts, 
air cargo, inland waterways, oil drilling rigs 
and pipelines, ferries and fishing vessels, and 
tugs and barges) 

• U.S. ships under other flags 

• O.S. marine insurance company writings relative 
to foreign marine insurance company writings- 

A survey of 254 U.S- flag subsidized vessels (most 
probably an unrepresentative example) for the years 1965 to 
1970 by Kirman [34] revealed the following distribution of 
insurance premiums: 


and further; 


25.5% 

Hull 


15.4 

P & 1 


59.1 

100.0 

Cargo 

Total Ocean Marine, 
Shipping 

Merchant 

42- 2% 

Total Ocean Marine, 
Shipping 

Merchant 

51,8 
100. 0 

All Other Marine 
Total Ocean Marine, 
Writings . 

U.S. 


For all ships on U.S. trade routes, the Kirman study 


[34, p.5] estimated that: only 11% to 15% of the hull insur- 


ance would go to non-U. S. insurance companies; 43% of the 


cargo insurance would go to non-U. S. insurance companies. 
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The American Hull Insurance Syndicate has increased its share 
of the hull market since the Kirman study , and it is unlikely 
that non-U. S. insurance companies now have more than 10% of 
market. On the other hand, the small share of the U.S. in the 
P & I market has shrunk further, and it is conservatively 
estimated that non-U. S. insurance companies have at least 90% 
of this market. 

However, it is still not possible to complete a 
construction of the ocean marine insurance market since this 
survey and the mail survey of the previous section are not 
truly representative and the three cross-classifications are 
still lacking. 

2.4.3 The Results 

As the results of the two previous sections indi- 
cate, no final conclusions as to the distribution of the 
initial benefits of SEASAT in the ocean routing process can 
be estimated because of gaps in the data about the marine 
insurance industry and because of deficiencies in the data 
available. Nevertheless, a few important conclusions can be 
stated : 

• All reductions in operating costs due to time 
savings will initially accrue to shipowners 

• Of reductions in hull damage to U.S. tankers 
73% will initially accrue to shipowners and 27% 
to insurance companies 

• Of reductions in P s I costs to U.S. tankers 
94% will initially accrue to shipowners and 8% 
to insurance companies 
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• of reductions 


in 

hull 

damage to 

U.S. 

general 

cargo ships. 

3 

5% 

will 

initial ly 

accr 

ue to ship 

owners and 65 

% 

to 

insurance companie 

s 

• Of reduction 

i 

n P 

& I 

damage to 

U.S. 

general 


cargo ships, 74% will initially accrue to ship- 
owners and 26% to insurance companies 

• Of reductions in damage to U.S. container ships, 
41% will initially accrue to shipowners and 

59% to insurance companies 

• Of the reduction in P & I costs to U.S. container 
ships, 81% will initially accrue to shipowners 
and 19% to insurance companies 

• Of reductions in hull damage to all ships on U.S. 
trade routes, 90% of. insurance company benefits 
will accrue to U.S. insurance companies, 10% to 
non-U. S. insurance companies 

• Of reductions in P & I costs to all ships on 
U.S. trade routes, 10% of insurance company bene- 
fits will accrue to U.S. insurance companies, 

90% to non-U. S. insurance companies 

• Of reductions in cargo losses for all ships on 
U.S. trade routes, 57% of insurance company bene- 
fits will accrue to U.S. insurance companies, 

43% to non-U. S. insurance companies. 



59 


3. BENEFITS TO DRY CARGO SHIPPING, CASE STUDY AND 

GENERALIZATION 

Estimates of the benefits of SEASAT data to dry 
cargo shipping are presented in this section. -Estimates of 
the benefits to tankers are presented in Section 4.0. since 
the dry cargo study pertained to shipping on U.S. trade routes 
for which there is a large amount of data on casualties, 
routing experience, cargo carried, and weather conditions, a 
modeling approach was taken to estimate the benefits. The 
tanker portion of the study dealt with the world tanker routes 
and the world tanker fleet and employed a statistical approach 
to estimate benefits. 

Forecasts of dry cargo trade flows are developed by 
U.S, trade route by type vessel- The damage and time delays 
for vessels using these routes were obtained. A specific route 
and ves'sel (container ships on the North Atlantic trade route 
#5) were selected for case study. Benefits are estimated for 
the case study example. These results are first generalized 
to all U.S. trade routes and then to world trade. 

3 . 1 U.S. Trade Route Forecasts, Dry Cargo 

In order to provide shipping demand on specific 
routes for this case study, for other case studies, and to 
support all the generalizations, detailed forecasts were 
prepared for all major U.S. trade routes- Four ma-jor types 
of vessels were distinguished on each trade route: 
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• Containers 

• Bulk liquid (e.g. oil) 

• Dry bulk {e.g. wheat) 

• Break bulk. 

Break bulk ships, sometimes called general cargo 
ships, and containers usually carry cargo which is "counted." 
Bulk liquid and dry bulk ships carry cargo which is "measured." 

It was necessary to make estimates cross-classified 

by both: 

• Major type of vessel 

• Trade route 

because weather-related casualties and operating time losses 
vary greatly by vessel type and by location (trade route) . 

Also, these losses vary with the time of year. So, where 
possible, quarterly data were sought, and weighted yearly 
averages' were used. 

3.1.1 Description of Forecasting System 

The econometric forecasting model is presented in 
Figure 3.1, the ECON Econometric Forecasting Model. The analy- 
sis is first done on a total volume flow by route basis. This 
involves summing up the quantities on a route for each year 
(formula 1.2, Figure 3.1) and performing regression analysis on 
the basis explanatory variables such as income, population, and 
prices (formula 1.3, Figure 3.1). Variations of formula 1.3 


are employed until a satisfactory fit is obtained. 


Cross-section 



Formula 


1.1 


1,2 


R 


r=l 


K 

E 


k=l 


X = w from X 

rkt kt t 


X = w from X 
rkt rt 1 


1.3 


w = w = a y 

rt ijt i 


31 32 33 34 35 36 


y n 
3 i 


n 


P P 
J 


36 

37 

i j 

P 

ih 


1.4 


rt 


A T 
rl ar 


1.5 


B = B T 
rt rl br 


1,6 


w = w a b 

rtg rt rtg rtg 


Dimensions 
i - origin 
j - destination 

r - trade route i to j or j to i 
k - type commodity 
h - all other trade areas 
t - year 

g - transport homogeneous group 


Figure 3.1 The ECON Econometric Forecasting Model 




Coefficients 

a - scaling factor which equates units on each side of 
equation 

B - elasticity of exports w (or imports w) to the variable_ 
attached 

X - tons imported or exported, by route by type commodity by 
year 

w - tons imported or exported, by route by year 
y “ GNP (gross national product) 
n - population 
p - price or price index 

a - market share of imports or exports, by route by major 
THG by year, in % 

b - market share of imports or exports , by route by minor 
THG by year, in % 

Matrixes 

X - Basic trade data matrix composed of x's 

A - Market share vector, by route by major THG ' s by year 

B - Market share vector, by route by minor THG ' s by year 

T - Basic Markov Transition matrix, by route by major THG’s 

^ by year 

f - Basic Markov Transition matrix, by route by minor THG’s 
by year 

DEFINITIONS; [Note: Capital letters indicate a matrix or 

vector . ] 


Figure 3.1 The ECON Econometric Forecasting Model (Continued) 
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and time series data are pooled to provide enough observations 
to make reasonable estimates. So, for example, three South 
Atlantic trade routes to Europe may provide twenty subroutes, 
and, with data from three years, there will be a total of sixty 
observations ( = 3x20) from which' to estimate the coefficients. 
Subjective judgment must be used at this stag-e, since it is not 
sufficient to obtain the highest coefficient of regression. 

The economic theory underlying the final equation must be sound. 
The fact that the coefficients (the a's and the 3's) can be inter- 
preted as elasticities is a useful fact in this effort. An 
elasticity is a ratio of the percentage change in one variable 
relative to a percentage change in another variable. Thus a 
-.90 elasticity of demand for trade relative to the price in 
the other country (05) means that a 10% rise in the prices of 
the other country results in a 9% drop in trade (elasticity 
= 05 = 9%/-10% = -.9) , When the fit is significant and the 
elasticities make economic sense, a useful model has been 
obtained for a given route. 

Once the model is fit, a forecast of the exogenous 
variables (income, prices, and population) is made usually from 
a minimum of seven years of past data. This is done for the 
section of the U.S. into which the trade flows or from which 
it emanates and for the foreign trading partner country. 

These values are fed into the model successively, and a fore- 
cast is made for as far out as desired. Of course, the 
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further out in time the forecast, the greater the forecast error 
expected. An example of this output is presented in Figure 3.2, 
Example of Trade Route Forecasts, 

In addition to the forecast of the total volume, a 
forecast of the market share by each type of vessel {containers, 
break bulk, and 'dry bulk - liquid bulk has been ignored here) is 
developed. Liquid bulk estimates are dealt with extensively 
elsewhere in this study because of the special importance of 
petroleum. The forecast of the market share is done by grouping 
the original trade data into transport homogeneous groups (THG) - 
THG * s are defined as groups of commodities which have charac- 
teristics which are similar from a transportation point of 
view. These characteristics include the general nature of the 
good (package or bulk, container izable or not) , the density 
(Ibs/ft^) and the value (dollar/lb) . This type analysis was 
done by Planning Research Corporation for the Department of 
Transportation in Transoceanic Cargo Study , Los Angeles, 

California, March 1971. A cluster analysis- was performed and 
nineteen basic THG ' s identified. These are presented in 
Figure 3-3. A mapping exercise was then performed which mapped 

the commodities in the U.S. Bureau of the Census Series A and 
Series B into the THG's. The mapping, which was not complete 
because of new codes, was updated by criteria in the New York 
Port Authority Containerization: Full Speed Ahead and in 

Litton Systems, Inc.., Oceanborne Shipping; Demand and Techno- 
logy Forecast, Culver City, California, 1968. A portion of 



Forocastp of Trade on U.S. 

Trade Routes Excluding Liquid Bulk 
(Imports - in mil, lbs) 

Commodi ties 


U.S. North Atlantic Trade Routes 

Year 

05 

06 

07 

08 

History 

iS7J 

;s per lb. ) 

3,567 
. 243 

5,387 
. 047 

3,194 

.223 

6, 622 
.189 

Forecast 





1385 

6,696 

11,017 

6,411 

12,859 

1936 

6,915 

11,857 

6,84 0 

13,682 

1987 

7,141 

12,699 

7,299 

14,558 

1938 

7,374 

13,600 

7,788 

15,489 

1989 

7, 615 

14 , 566 

8,310 

16,481 

1990 

7,964 

IS , 600 

8,866 

17,535 

1991 

8,120 

16, 708 

9,460 

18 ,658 

1992 

8,386 

17,894 

10,094 

19,852 

1993 

8,660 

19,165 

10,771 

21,122 

1994 

8,943 

20,525 

11,492 

22,474 

1995 

9,235 

21,983 

12,262 

23,912 

1996 

9,536 

23,543 

13,084 

25,443 

1997 

9,848 

25,215 

13,960 

27 , 071 

1998 

10,170 

27,005 

14,896 

28,804 

1999 

10,502 

28,923 

15,894 

30,647 

2000 

10,845 

30,976 

16,959 

32,609 

Growth Rate 

Forecast, 

1973-2000 

3 . 3% 

7,1% 

6.7% 

6.4% 


Figure 3.2 Example of Trade Route Forecasts 






Cr xter vn 


Tf'6 Numfco 


Type Vessel 

Density 

(lbs/£t^ 

Container, Reefer 

40 

Con ta 1 ner 

40 

Container 

75 

Container 

20 

Con ta 1 ner 

150 

Con ta iner 

15 

Bulk Liquid 

50 

Dry Bulk 

250 

Dry Bulk 

50 

Dry Bulk, Perishable 

' 50 

Dry Bulk 

200 

Dry Bulk, Perishable 

40 

Break Bulk 
( live animals ) 

5 

Break Bulk 

200 

Break Bulk 

30 

Break Bulk 

30 

Break Bulk 

(30 

Break Bulk 

30 

Break Bulk 

30 


Source: Planning Research Corporation (31) 


Figure 3.3 Transport Homogeneous 


Value Per Pound (in dollars) 


Exports 

Impor ts 

0,11 

0.228 

0,25 

0.219 

1.25 

0.446 

1 . 07 

0.793 

0.62 

0.522 

7 . 02 

1.93 9 

0.007 

0.007 

0.010 

0.005 

0.005 

0.005 

0.024 

0.027 

0.087 

0.007 

0.046 

0.098 

1.345 

5 . 004 

0.070 

0.049 

0.021 


0.086 

0.059 

0.220 

0.073 

0. 097 

0.220 

1.033 

0.705 
















67 


the completed map is presented in Figure 3,4. The Department 
of Transportation Transoceanic Codes (DOTTO) appear in the 
Figure although they were not used in these forecasts. 

From this effort, major groupings of commodities, 
called major THGs, are identified (groups of commodities which 
would be transported by conjtainer, liquid bulk, dry bulk, and 
break bulk ships, respectively) . There are also minor THGs, 
which are clusters of commodities within the major groups. 

An example of how these trade data are finally grouped 
by route, by year, and by major and minor THG / is presented in 
Figure 3.5, Example of Computer Output, Trade Route #5. The 
output in Figure 3.5 is an example of the final form in which 
the trade data are used. There is a series of six computer 
programs that are used to generate the ship forecasts, and 
Figure 3.5 is output from the second of these programs. 

The six computer programs in the system are: 

1. SAT 1 - groups the monthly data, provided by 
MA.RAD from their TRACE program which processes 
Bureau of the Census data into annual data 

2. SAT 2 - groups trade data by route by year by 
THG 

3. SAT 3 - calculates market shares by route by year 
by THG 

4. SAT 4 - makes forecasts of market shares by year 
by route by THG 

5. SAT 5 - prepares trade data and country data for 
regression analysis 

6. SAT 6 “ makes forecasts of trade volume by route 
by year. 












Containers 


THG 

Total ($) 

Total (lbs) 

U.S. {$) 

O.S. (lbs) 


1973 

27275453. 

68359901 . 

13845049 . 

46'219892 . 

1 

1972 

12587126. 

• 59702661. 

7522559. 

32848905 . 


1971 

9663248. 

78949842. 

4610802. 

37972405. 


1973 

358743075. 

720458086 . 

154317551. 

302803487 . 

2 

1972 

337666627. | 

633731219. 

140332074 . 

268693768. 


1971 

409522445 . 

697234204. 

166543542 . 

276334436. 


1973 

40261382. 

136655090. 

32183092. 

148202943 . 

3 

1972 

37278115. 

116426756 . 

27340S4S . 

105907291. 


1971 

44125398. 

115638447. 

25348313. 

33446809. 


1973 

110525558. 

439936990. 

108791612 . 

484109809. 

4 

1972 

96847630. 

421994878'. 

99707661. 

438376645. 


1971 

142648424 . 

439657912 . 

132543017 . 

391476637. 


1973 

8279685 . 

43743371. 

7450231. 

52513755. 

5 

1972 

6727207. 

29100436. 

4433617. 

44257914. 


1971 

7279430. 

25789105. 

4382180. 

36779852 . 


1973 

49299529. 

147829036 . 

48286006 . 

161311668. 

6 

1972 

53654661. 

132963942 . 

46243370 . 

122986847. 


■■■ 

66624747. 

126131263 . 

47624397 . 

94743033. 


Bulk Liquid 


13 

72 

71 


0. 

98602000 . 

0. 

0. 

121327920 . 

0. 

0 . 

45669619 . 

0 . 

Dry Bulk 

1102807 . 

1554737 . 

305465. 

4876641. 

5528535 . 

360916 . 

234729. 

4483902 . 

39960. 

50212354 . 

648048082 . 

1169651. 

104268053 . 

224148357 . 

1403221 . 

9780637. 

1204170956 . 

266562 . 

616000 . 

■ 616000. 

32190. 

0. 

0 . 

0. 

0. 

0, 

0, 

25929395 . 

48184070 . 

2924713. 

20971924 . 

38186840 , 

2512760 . 

18765561. 

44477400 . 

2030676. 

106680. 

113857. 

16107 . 

623479. 

660548 . 

70732 . 

637903 . 

636945 . 

65617 . 


10 


11 


12 


1 >! 


1973 

1972 

1971 

1973 

1972 

1971 

1973 

1972 

1971 

1973 

1972 


991317 . 
1375003 , 
43350S . 


640716. 

735670. 

581318. 

26104094 . 
11272463 . 
8715606. 

32190. 

0 . 

0 . 

5972145. 
4112565. 
3682208 . 

18499. 
74397 . 
66203 . 


Figure 3.5 Example of Computer Output, Trade Route #5 
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Break Bulk 

THG 

Total ($) 

Total (lbs) 

U.S. (S) 

U.3. (lbs) 


1973 

0 . 

26'290 . 

0 . 

20864 . 

20 

1972 

0 . 

24006 . 

0 . 

108368. 


1971 

0 . 

28211 . 

0 . 

27845 . 


1973 

14019160. 

375521893 . 

3310679 . 

35018738 . 

21 

1972 

12579856. 

411365379 . 

3562601 . 

33560973 . 


1971 

15325269 . 

67399-4111 . 

4231159. 

47753317. 


,1973 

20925959 . 

252527938 . 

7202785 , 

17092484 . 

22 

1‘97 2 

18014542 . 

39758573 . 

3014849 . 

8022738. 


1971 

12959184 . 

39523153 . 

2050784 . 

5238001 . 


1973 

. 62012161 . 

350268541 . 

25036660 . 

79777635 . 

23 

1972 

47345672'. 

150605668 . 

19840277 . 



1971 

35900888 . 

126343290 . 

14340417 . 

41147789 . 


1973 

32529896. 

1163-32209 . 

9969226. 

27222801. 

24 

1972 

24814431. 

111667432 . 

6711978 . 

22007752 . 


1971 

18535669 . 

89851261 . 

4005112 . 

17589427 . 


1973 

39907272 . 

129484544 . 

2 38 2 3 6-19. 

77965430 . 

25 

1972 

4013911-3 . 

106165542 . 

24366928 . 

55364420 . 


1971 

46243823 . 

99491492 . 

25189381 . 

48494293 . 


1973 

23762581 . 

86968765 . 

21646368 . 

1-14637921 . 

26 

1972 

25740149 . 

81453297 . 

22596555. 

90265746 . 


1971 

398942-37 . 

144828981 . 

26930527 . 

90783399 . 

^ 



Totals 




1973 

865508947 . 

3665781905 . 

465815004 . 

1530656438. 


19 7.2 

844135225 . 

2584811989 . 

410076143 . 

1292770707 . 


1971 

378191692 . 

3957402094 . 

460707451 . 

1187266177 . 


Figure 3.5 Example of Computer Output, Trade Route #5 
(Continued) 

It was necessary to develop six separate programs to 
provide flexibility in operation. Individual programs may be 
run to update portions of intermediate data, or the individual 
programs may be run in varying sequences depending on the 
specific goal. 

The market shares to the individual THG ' s are genera- 
ted by processing the output of SAT 2 through SAT 3 and' SAT 4. 
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SAT 3 converts the shares realized in the past into percentage 
figures. Many trade forecasting schemes use these given 
percentage figures or constant shares as the norm for fore- 
casting shares. Hov:ever , this is unreasonable since the 
shares are evolving over time. Therefore, the rate of transi- 
tion is estimated using a Markov model. Transition matrices 
for major THG ' s (T ) and minor THG ' s (T, ) are estimated in 

SAT 4 by a classical restricted least squares estimation method 
which employs a standard quadratic programming algorithm. The 
alternative estimating procedures are discussed in Lee, Judge, 
and Zellner, Estimating the Parameters of the Mark.ov Probability 
Model from Aggregate Time Series Data , Amsterdam: North Holland 

Publishing Company, 1973. 

The market shares for the major THG ' s and the minor 
THG's are calculated by SAT 5 using formula 1,4 and 1.5, 
respectively, from Figure 3.1, The ECON Econometric Forecasting 
Model. The actual volume of trade in any category may then 

be derived by a simple multiplication of the appropriate elements 
according to formula 1.6. If the forecast is for a very long 
time, it may not be necessary to raise the transition matrix 
to power t. Rather, since the matrices are regular ergodic 
chains, the long-run limit is derived analytically by some 
basic algebra. An example of this type of output from SAT 4 
is presented in Figure 3.6, Detailed Forecast by Trade Route, 
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Figure 3.6 Detailed Forecast by 
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1985-2000 

Share** 

1973 

Share 

1935-2000 
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This 

illustrated in 

casting 

System 

system 

consist 


overall scheme for deriving the forecasts is 
Figure 3.. 7 , ECON Foreign Trade and Ship Fore- 
with Data Base. The basic data in the ECON 
of : 


1. The cross-clas'sif ication table of series A & B 

2. The route-by-route trade tapes with monthly 
A & B data from the MARAD TRACE program 

3. Income, price, and population data. 

There are two lines of development in the system: 

1. SAT 2 - SAT 5 - SAT 6 which leads to a forecast 
of the total volume of trade by route (see 
Figure 13) 

2. SAT 2 - SAT 3 - SAT 4 which leads to a forecast 
of market shares by route by THG (see Figure 17). 

3.1.2 U.S. Trade Route Forecast ■ Results 

Using the forecasting system as described in the 
previous section, forecasts were made for all U.S. trade routes, 
imports and exports., 1985-2000-; total flows; and market shares, 
to each THG. The results for the total flows and market shares 
are presented in Appendices A through D. 

The data used besides the U.S. Maritime Administra- 
tion trade tape data, 1971-1973, included: 

• N = Population (in millions) [1967-1973] obtained 

from : 

Department of Economics and Social Affairs, 

U.N. Monthly Bulletin of Statistics , N - Y . : 

U.N., February 1975, pp. 1-4. 

• y = National Income (millions of.,. U.S. dollars) 

(constant base year: 1963) [1967-1973] 

obtained from: 


REPRODUCIBILITY OP THE 
ORIGINAL PAGE 18 POOR 
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Department of Economics and Social Affairs, 

U-N. Yearbook of National Accounts Statistics , 
N.Y.: U.N., 1973, Vol. Ill, pp . 8-12, 

Department of Economics and Social Affairs, 

U.N. Yearbook of National Accounts Statistics , 
N.Y.: U.N., 1972, Vol. Ill, pp . 8-12. 

•• P = Price Index (base; 1970=100) [1967-1973] 

obtained from; 

Department of Economics and Social Affairs, 

U.N. Monthly Bulletin of Statistics , N.Y.: 

U.N., February, 1975. 

The forecasting system is capable of handling esti- 
mation at the minor route level, the major route level, or the 
trade area level. The present forecast was made at the trade 
area level- The grouping of trade routes is presented in 
Figure 3.8, Definition of Trade Areas. By pooling cross-section 
and time series data for 1971-1973, the basic import and export 
equations were fitted. The results are presented in Figures 
3.9 and 3.10, Forecasting Equations, Exports, and Imports. Data 
from the income, price, and population series for each country 
were grouped to provide income, price, and population series 
for each trade route for 1967 to 1973. These time series 
were extrapolated using the basic exponential growth equation: 

Y - a . 

where Y was the income, price, or population series to be extra- 
polated; A was the growth rate estimated from the 1967-1973 
data; and t was time. These results, together with the Fore- 
casting Equations in Figures 3.9 and 3.10, were used to generate 
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Figure 3,9 Forecasting Equations, Exports 
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forecasts on all U.S. trade routes. The final results are 
presented in Appendix A and Appendix B. 

Market shares were also forecast with the same U.S. 
Maritime Administration trade data using the methodology 
discussed in the section above - Description of Forecasting 
System. The above forecasts were generated for the major THGs 
but the forecasts for minor THGs were not developed at this 
time. Thes'e results are presented in Appendix C and Appendix D. 

3 . 2 The Cost Parameters of Weather-Related Casualties 

and Time Delays 

In order to estimate the reduction in weather- 
related damage and time loss possible with SEASAT, it was 
first necessary to ascertain the present adverse weather 
damage, damage costs, time losses, and operating costs as a 
function of time. A number of organizations make available 
useful statistics. These include: 

• The U.S. Coast Guard 

• The U.S. Salvage Association 

• Lloyd's Register of Shipping 

• Ocean Routes, Inc. 

The first three organizations provide casualty data, 
and Ocean Routes keeps extensive computer records of ocean 
crossing times of routed and unrouted vessels. Numerous other 
sources of casualty data of various sorts are available, and a 
survey of these sources may be found in the Panel on Merchant 
Marine Casualty Data, Merchant Marine Casualty Data [23]. 
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3-2.1 Expected Damage Costs by Vessel Type by Location 

Because the satellite data will be used to avoid 
adverse weather damage, it was necessary to distinguish casualty 
statistics by: 

• Cause (adverse weather or other) 

• Vessel type 

• Location of casualty 

• Population of ships on average in casualty 
location . 

This is necessary since adverse weather damage costs 
would vary with the type vessel while the probability of 
adverse weather varies with the location. In order to develop 
the probability figures needed, it is also desirable to have 
the population of ships (or "ships at risk" averaged by 
locations) for which casualties are known. 

Unfortunately, there is no set of data ava'ilable with 
all four variables specified at the present time. Lloyd's 
Register of Shipping is preparing such a study but does not 
expect the report to be available until summer of 1976. 

The U.S. Salvage Association (USSA) keeps extensive 
computer files on casualties and was able to generate casualty 
data cross-classified by 3 of the 4 variables: cause, vessel 

type, and location. The USSA is the technical arm of the 
American Hull Insurance Syndicate (AHIS) which may have approx- 
imately 1,800 ships under coverage at any one time. Since the 
AHIS has no specific information on the location of each of 
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these vessels, the population by location could not be obtained- 
The alleged causes included: 

• Groundings 

• Collision - object 

• Collision - ship-to-ship 

• Heavy weather damage (e.g., wave damage to hull) 

• Material Failure, Vessel Structure, and Equipment 

• All others. 

The USSA coding includes many more categories of 
alleged causes than the five specifically selected, but a check 
of a U.S. Coast Guard tabulation indicated the first five 
alleged causes are especially weather sensitive (i.e., more 
likely to occur in adverse weather than casualties due to 
other causes). The tabulation was done for the period 1970 to 
1974 inclusive for the alleged causes listed above, for major 
vessel types (grouped into 26 types for this special study) , and 
for all major ocean shipping locations. The complete results 
are presented in Appendix F, Casualty Costs. 

The results of this study provided absolute levels 
of casualty costs. However, there was no simple way to esti- 
mate the probability that a casualty would occur. The figures 
used in the case study below are therefore based on the inter- 
views mentioned above with ship captains, marine insurance 
brokers, and shipping company personnel. Also, a study of ship 
damage to 100 dry cargo ships over a one-year period was con- 
ducted in 1963, for American flag -ships on all major routes 
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(see Townsend and Hamrin [26]). These vessels experienced 312 
casualties over this one-year period. The two most costly casu- 
alty causes were bottom damage in adverse weather (22 casualties 
with repair costs of $440,574, 1963 dollars) and striking 
piers and docks (56 casualties with repair costs of $458,776, 
1963 dollars). These two categories together account for 40% 
of all casualty costs incurred by the 100 ships during the year. 
However, strikes at piers and docks is a casualty type which can 
not benefit from the use of satellite data in the routing pro- 
cedure examined in this study. This is true of most casualties 
since the vast majority occur at the entrance to ports and 
harbors or at piers and docks. Their prevention requires 
better "local" weather forecasts. 

This study, together with the interviews mentioned 
above, led to the conclusion that only about 10% of all 
casualties can be attributed to adverse weather in the open 
seas. For example, of the 312 casualties experienced by the 
100- vessels in one year, perhaps 25 to 35 of these would fall 
into this category. This implies: 

• The probability of a dry cargo vessel experiencing 
an adverse weather-related casualty on the open 
seas in one year is about 30% (or a ship can 
expect to incur such a casualty almost once every 
three years ) . 

This figure is a rough estimate for all U.S. trade 
routes based on subjective experience. Since the severity of 
the weather varies by route, special attention was given to the 



83 


North Atlantic trade route for which the case study was con- 
ducted. This route is more treacherous than most others and 
the probability of such an adverse weather casualty was roughly 
estimated (by comparison with the conclusion immediately above) 
to be about 33% by those interviewed. It is this 33% figure 
which is used in the case study example. 

3.2.2 Expected Time Losses by Trade Route 

In an attempt to estimate the reduction in delay 
time possible due to ocean routing, time and distance figures 
were collected by route , by direction , by season , and by vessel 
type for routed and unrouted vessels. The number of ships in 
each sample group and the standard deviations in delay time 
were also compiled. 


The study was restricted to four basic vessel types: 


Vessel Type 

Rated 

Speed 

Operating Co’st/Day 

Tanker 

15 . 5 

knots 

$13 , 000-15 , 000 

Freighter 

19 . 5 

knots 

12 , 000-18 , 000 

Container 

22. 5 

knots 

16,000-30, 000 

Dry Bulk 

15 . 0 

knots 

10 ,000-14,000 

The 

routes examined 

included : 



• Pacific 

a. Pacific Northwest to Japan and Return 

b. West Coast (California) to Japan and Return 

c. Panama to Japan and Return 

• Atlantic 

a. East Coast to Northern Europe and Return 

b. East Coast to the Mediterranean and Return 
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• Gulf of Mexico 

a. U.S. Gulf to Northern Europe and Return 

b. U.S, Gulf to the Mediterranean and Return. 

Information was collected by Ocean Routes, Inc., for 
ships which they routed and for unrouted ships from routine 
weather reports from ships on the same routes. The complete 
results of this tabulation (mean distance, mean time, sample 
size, and standard deviation of mean time) are presented for 
each route in Appendix G, Ocean Crossing Times. 

The mean distance and mean time figures may be 
directly analyzed. But a few points can be made abou-t the 
standard deviation figures: 

• The standard deviations on some routes are unusu- 
ally large. This "is due to the small sample 

size that was available for some ship types (nota- 
bly unrouted container ships) . 

• ships which are weather routed, generally, tend to 
deviate less from the mean than those which are 
unfouted . 

• Smaller deviations occur for container ships and 
freighters. The main reason for this is that 
their speed; 

a. Enables them to more easily go around weather 
systems . 

b. Often allows them to stay in front of a 
weather system. 

c. allows them to more quickly pass through a 
weather system if they are unable to avoid it 
completely - 

• The tankers and bulkers have greatex deviations 
from the average because of their slow speed, 
which both makes it more difficult for them to 
avoid weather systems as well as exposing them to 
a greater number of weather systems because of 
their longer voyage times. 
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The identical route was not followed in each case/ and 
care must be used in the interpretation of the figures. A check 
can be made against the difference in the absolute level of 
crossing time by use of the average speed in knots. Theoreti- 
cally, if routed ships are avoiding adverse weather more than 
unrouted ships-, their average speed should be proportionately 
higher regardless of the exact route. Sometimes ships may rely 
on routing to pass through the edge of storms if they can shorten 
their total distance travelled. In this case their average speed 
can be as slow as or slower than unrouted ships but their distance 
traveled can be much shorter. The use of these figures is made 
directly in the case study in Section 3.3. 

3 '. 3 The Case Study 

In order to gauge the impact of SEASAT weather data 
more specifically, a case study on a single route for a single 
ship type was conducted. A model was designed to estimate the 
benefits of these data in the chosen case study. The previously 
collected casualty costs, delay time, and shipping forecasts 
were drawn upon to quantify the variables within the model. 

Where subjective estimates were required, specialists in the 
present routing procedures were called upon. These included 
personnel at Ocean Routes, Inc.; Bendix Commercial Services, 

Inc.; FNWC Norfolk; FNWC Monterey; and ship captains and 
personnel from shipping companies using the routing procedures 
on the case study route. The results of the case study are 
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presented in Section 3,3.4. The summary of the case study- 
results and their generalization are presented in Section 3,4, 
3.3.1 Introduction 

Benefits to SEASAT on the case study route had to be 
measured against some baseline value. Two baseline values were 
constructed; 

1. Baseline I, the present system - the 1973 dollar 
cost, for one-way crossing, of casualty and delay 
times due to adverse weather, assuming present 
ocean crossing weather-related procedures do not 
change . 

2. Baseline II, the modified system - the 1973 dollar 
cost, per one-way crossing-, of casualty and delay 
time due to adverse weather, assuming present 
ocean crossing weather-related procedures are 
improved . 

The equivalent 1973 dollar cost is calculated assuming 
the availability of SEASAT, The differences between this value 
and the two baseline values give alternative estimates of the 
benefit in the case study example. By comparing the characteris- 
tics of the case study route to the rest of the U,S. trade 
routes, a generalization of these results is made. 

The estimation of the case study benefits ’involved the 
estimation of several variables for most of which only rough 
figures were available. It was not possible to quantify the 
uncertainty surrounding all the estimated values. However, the 
variation in the delay time was quantified and the impact is 
presented in Appendix G. This variable was chosen because of 
its central importance in the study. But it is not sufficient 
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by itself to yield an estimate of the variation in final bene- 
fits estimated. 

3.3.2 Selection of Trade Route and Vessel Type 

There is no representative trade route and vessel type. 
This is because of the diversity among the limited number of 
types of vessels and because of the variation in conditions on 
the important U.S, trade routes. Thus, a selection could not be 
made on the basis of representativeness. The estimates of the 
benefits were made from a selected trade route and vessel type, 
and the results were generalized by taking note of the differ- 
ences on the routes and vessel types not included in the cases. 

The route selected was trade route number 5, U.S. 

North Atlantic to United Kingdom and Ireland. The vessel type 
selected was the container ship. These selections were based 
on the proximity of routers and shipping companies which use 
this route and' on the fact, that the trade was of a substantive 
size and value in recent years. 

3.3.3 The Model and Input Data 

The principal inputs in. the calculation of the 
casualty and delay cost due to adverse weather were; 

• The probability that routing is received 

• The probability that routing once received is 
employed (the recommended route is often not 
followed ) 

• The probability that bad weather is encountered 

• The probability that a casualty is incurred 

• The expected delay time. 




88 


A network model was developed to quickly process the 
various permutations and to generate the expected delay time 
and the expected probability of a casualty in each system. 

This model is illustrated in standard network programming 
notation in Figure 3.11, Case Study Weather Casualty/Ocean Cross- 
ing Model. 


To 

respectively 


get the final 
by : 


results , 


it is necessary to multiply 


1, The cost per hour of delay time 

2. The cost per casualty 

The data collected and used as input in the model are 
presented in Figure 3.1_2, Model Input Data. 

The data were developed as follows. Entries in 1 and 
2 of Figure 3.12 were derived from interviews with the ship cap- 
tains and ship routers mentioned above. Entries in 3 and 4 
were derived from- interviews but also verified by examination of 
the ship crossing times from Ocean Routes presented in Appendix 
G. It can be noted from those data that the average speed (as 
measured in knots) of routed ships is slightly faster than 
unrouted ships, indicating that the routed ships most likely spend 
less time in bad weather. Entries 5 and 6 were derived by inter- 
view, and under certain assumptions. As indicated in Section 
3.2.1, the probability of casualty can not be derived from pub- 
lished sources because of the lack of total population figures 
where a specific number of ships record casualties. Roughly, 
a ship can expect a significant casualty to occur once every 




















Routing Received 


A. 

Present System - 80% yes, 

20% no . 


E. 

Modified Present System - 

85% yes, 

15% no . 

C. 

SEASAT Aided System - 90% 

yes, 10% 

no , 

Routing Employed 


' 

A. 

Present System - 70% yes. 

30% no. 


B. 

Modified Present System - 

75% yes , 

25% no . 

C. 

SEASAT Aided System - 80% 

yes, 20% 

no . 

Bad 

Weather Encountered - With 

Routing 



A. Present System - 30 % of the time. 

B. Modified Present System - 28 % of the time. 

C. SEASAT Aided System - 25 % of the time. 

Bad Weather Encountered - VJithout Routing 

A, Present System - time, 

B, Modified Present System - 3^% of the time. 

C, SEASAT Aided System - of the time. 

Casualty Incurred - In Bad Weather — 

A. Present System - probability is . 025 

B. Modified Present System - probability is .025 

C. SEASAT Aided System.- probability is .025 
Casualty Incurred - No Bad Weather 

A. Present System. - probability is .0027 

B. Modified Present System - probability is .0027 

C. SEASAT Aided System - probability is .0027 




7- Delay Time - With Routing and With Bad Weather 

A. Present System — delay time is 23 (high) hours 

5 (low) 

14 (most likely) 

3., Modified Present System - delay time is 

-23 (high) hours 
5 (low) 

13 (most likely) 

C. SEASAT Aided System —‘delay time is 

20 (high) hours 
2 (low) 

11 (most likely) 

Delay Time - Without Routing and With Bad Weather 

A. Present System - delay time is 26 (high) hours 

8 (low) 

17 (most likely) 

B. Modified Present System - delay time is 

25 (high) hours 
7 (low) 

16 (most likely) 

C. SEASAT Aided System - delay time is 

27 (high) hours 

7 (low) 

16 (most likely) 

9- Delay Time - Without Bad Weather 

t 

A. Present System 

(1) With Casualty - delay time is 

11 (high) hours 
5 (low) 

8 (most likely) 

(2) Without Casualty - delay time is 

0 (high) hours 
0 (low) 

0 (most likely) 


Figure 3.1-2 Model Input Data (Continued) 



B. Modified Present System 


(1) With Casualty - delay time is 

11 (high) hours 
5 (low) 

8 (most likely) 

(2) Without Casualty - delay time is 

0 (high) hours 
. *0 (low) 

0 (most likely) 

C. SEASAT Aided System 

(1) With Casualty - delay time is 

11 (high) hours 
5 (low) 

8 (most likely) 

(2) Without Casualty ~ delay time is 

0 (high) hours 
0 (iow) 

0 (most likely) 

10 . Minimum Crossing Time 

A. Present System - 145 (high) hours 

145 (low) 

145 (most likely) 


B. Modified Present System - 145 (high) hours 

145 (low) 

145 (most likely) 


Figure 3.12 Model Input Data (Continued) 

three years/ and it is highly probable that the casualty will 
occur in adverse weather. It was thus assumed that a con- 
tainer ship could normally complete 40 one-way ocean crossings 
in one year, that the probability of incurring a casualty in 
one year is .33, and that the ratio of bad weather casualities to 
good weather casualties is 9 to 1 (or 3 to 1/3) . The respective ‘ 
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Bayesian probabilities that, if a casualty occurred, it occurred 
in bad weather, lead to 

(3) (.33) (1/40) = .025 

and in good weather 

(1/3) ( .33) (1/40) - .0027. 

Delay times were calculated from 27 unrouted and 238 
routed crossings of the North Atlantic by container ships. The 
respective crossing times were: 

162 hrs. - 8 hrs. - unrouted crossing 
159 hrs. i 10 hrs. - routed crossing. 

Therefore, the difference and the standard error of 
the difference are: 

3 hrs. ± 1.67 hrs. 

This means there is a significant difference in 
routed and unrouted times at the 93% level of confidence. 
However, the data are taken from ships which may have followed 
slightly different routes. If we take the average speed on 
these crossings, we find: 




20.2 

knots - 



20 . 4 

knots - 

Thus , 

there is 

a one perc 

ent gain 

would 

indicate 

a relative 

gain of 


Therefore, it was felt that the e 
a reasonable figure. This 3-hour 
represents the difference between 


unrouted ships 
routed ships 

in speed for routed ships which 
a bit less than two' hours, 
stimate of 3 i 1,67 hours was 
difference with bad weather 
de-lay time for unrouted and 


routed ships (17 hours minus 14 hours) 


The levels were 
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gotten directly by taking the (average actual crossing time) 
minus (crossing distance divided by average speed, 22.5 knots) . 
The high and low ranges are approximately one standard devia- 
tion. From interviews, it was estimated that improvements in 
the present system were possible but that the present routing 
gain could not be duplicated. Therefore, it was assumed after 
interviews that a modified version of the present system could 
result in a reduction in percent of time that bad weather was 
encountered of 2% (e.g,, from 30% to 28%) and a reduction in 
delay time of 1 hour (e.g., from 14 to 13 hours). This is 
consistent with the rate of progress in forecasting indicated 
by the International Meterological Society in Section 2.3.3. 
Marked improvements can be made in forecasting if sea surface 
temperature can be obtained such as with the microwave 
radiometer which is expected to be on the operational SEASAT 
from 1985-2000. Assuming this advantage from SEASAT and other 
data-gather ing capabilities discussed above in this report, it 
was assumed that the previous gains from routing could be dupli- 
cated in avoiding bad weather (bad weather encountered 25%, 
versus 28% without SEASAT) and avoiding delay time (11 hours 
delay, versus 14 hours without SEASAT) . 

It was assumed that each container ship carried 17 
thousand tons per crossing, that the total flow of cargo on 
trade route 5 was as indicated in the trade route forecasts of 
exports -and imports, and that the market share of 31.4% weighted 
by respective export and import volumes for containers on this 
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route would be realized as forecast in the market share analy- 
sis. The study of casualties provided by the U.S. Salvage 
Association indicated 43 reported casualties over 1971 to 1974 
for container ships on the North Atlantic trade router with an 
estimate of damage of $320,023 per casualty. This figure was 
used as a representative- 1973 dollar estimate of the cost o-f a 
casualty. The 1973 dollar estimate of the cost of delay time 
was $750 per hour ($18,000 per day). 

Thus, the principal formula used in the case study 

i s ; 

TC = OC (DT) +CC (PC) 

where 

TC = total cost per crossing due to adverse 
weather 

OC = Operating Cost ($ per hour) 

DT = Delay Time (hours per crossing) 

CC - Expected Casualty Cost ($ per casualty) 

PC = Probability of Casualty (probability per 
crossing) 

with DT and PC being the outputs of the network 

model . 

The results of the case study and the generalization 
are presented in the next two sections. 

3.3.4 The~' Results 

The results of the model described in the previous 
section indicate the following. The cost due to casualties 
and delay time because of adverse weather under the present 
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system is $6,751 per crossing in 1973 dollars. The modified 
system figure is $6,038, and the SEASAT figure is $5,311. 

These model outputs are summarized in Figure 3.13. Also pre- 
sented in the Figure are the high and low values due to uncer- 
tainty surrounding the expected delay time. 

Thus, the benefits to SEASAT are; 

1. $1,44'0 per crossing in 1973 dollars, SEASAT 
versus present system. 

2. $727 per crossing in 1973 dollars, SEASAT versus 
modified system. 

The present system and the modified system are 
defined at the beginning of Section 3.3.1. These results seem 
consistent with existing practices. Many ship operators pay 
$200— $300 per crossing in direct fees for routing services as 
indicated above. Overhead expenses to supply pre— departure 
information, voyage data and communication, and past voyage 
data to the router would indicate the true value of present 
routing information is $500 to $700 per crossing. These benefit 
figures indicate that the present losses in casualty and delay 
time costs could be reduced by 10% to 25% with better sea condi- 
tions and weather information. 

3 . 4 Generalization of the Results, Dry Cargo 

The case study results of the previous section for 
container ships on the North Atlantic trade route number 5 
found that the benefit attributable to .SEASAT of reduced 
casualty and delay costs was $1,440 per crossing as measured 
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Casualty 

Delay 

Total 

Costs 

Expected 

Casualty 

Cost 

Expected 

Delay 

Time 

Expected 

Delay 

Costs 

Present System 





. High 


7.86 

5,745 

8,844 

Most Likely 

3,099 

4.87 

3,652 

6,751 

Low 


2.01 

1,508 

4,607 

Modified System 


• 



High 


6,91 

5,183 

8,123 

Most Likely 

2,940 

4.13 

3,098 

6,038 

Low 


1.69 

1,268 

4,208 

SEASAT Aided System 





High 


5.79 

4,343 

7,111 

Host Likely 

2,768 

3.39 

2,543 


Low 


,98 

735 



Figure 3,13 Expected Weather" Related Casualty and Delay Costs 
per One-Way Crossing by Container Ships on Trade 
Route #5 (1973 dollars; time in hours) 


against the present system and 5727 per crossing as measured 
against the modified system. These are in 1973 dollars and 
the present and modified systems are as defined at the 
beginning of Section 3.3.1. 

In this section, the benefits are shifted to 1975 
dollars. The discounted stream of benefits for 1985 to 2000 
is calculated for the case study examples using a 10 percent discount 
rate. The similarities and dissimilarities between the case 
study vessel type and route and all vessel types, except 


liquid bulk 


and of the U.S 


trade routes are examined. 


Annual 
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benefit figures and the stream of benefits for all U.S. trade 
routes are then calculated. A similar extrapolation is done 
to get global benefits. It was not possible to fully quantify 
the uncertainty underlying the case study benefits, and no 
measure of uncertainty was possible for the generalization to 
all U.S. trade routes and to global trade. Therefore, increasing 
caution must be exercised with the interpretation and reliability 
of the results at greater levels of generalization - 

The 1973 dollar results in the case study were 
shifted to 1975 dollars by assuming a 9 percent per'annum infla- 
tion factor which is a weighted average of several U.S. price 
indices for these 2 years. This yields benef it-per-crossing 
values of $1,699 (was $1,440 in 1973 dollars) and $858 (was 
$727 in 1973 dollars). The forecasts on trade route number 5 
for containers for the years 1985-2000 were derived from the 
results found in Appendices A through D. It was assumed that 
a container ship could carry 17 thousand tons of cargo per 
crossing and make 40 one-way crossings per year. A stream of 
benefits was calculated. This stream was then discounted and 
summed to yield a present value total benefit figure. This 
procedure was followed once for SEASAT versus the present 
system and once for SEASAT versus the modified system. 

The total dry cargo flows on all U.S. trade routes 
is growing at about 4 percent, and this rate is expected to be 
maintained in the period 1985-2000 according to the trade route 
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forecasts. The total dry cargo flows globally were forecast to 
grow at a rate of 7 percent in the global econometric forecast 
described in Section 2.2.2. The relative magnitude of all dry 
cargo trade, tonnage, and value U. S. trade route number 5, 

all U.S. trade routes, and global trade is presented in Figure 
25. 

The criteria used for generalization were the four 
elements in the principal formula used for calculation of the 
tota-l cost per crossing due to adverse weather: 

• Operating cost 

• Time lost due to adverse weather 

• Expected casualty cost 

• Probability of casualty. 

Focusing on U.S. trade routes first, the survey 
results by U.S. Salvage Association indicate that the average 
casualty estimated cost for ships surveyed was $82,429, which 
is considerably less then the $320,023 figure for containers 
on the North Atlantic. This may partially be accounted for by 
the fact that the container ships are principally modern, 
large, and American fleet ships and by the fact that the North 
Atlantic experiences especially treacherous weather. The 
American Hull Insurance Syndicate, for which the U.S. Salvage 
Association is the technical arm, insures ships of many flags 
which sail in all oceans of the world but principally on U.S. 
trade routes. Thus, these figures should -be fairly represen- 
tative for U.S. trade routes. While the expected casualty 
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Tota 1 

Dry Cargo 


Tonnage 

Value 

Tonnage 

Value 

Trade Route No. 5 

: 




Total 

7,019 

.185 

6,866 

.211 

Imports 

3 , 665 

.236 

3,567 

. 243 

Exports 

3,354 

.130 

3,299 

.176 

All U.S. Trade Routes 


• 



Total 

i, 414, 721 

.059 

.746,265 

. 100 

Imports 

908,474 

. 049 

203 , 645 

.134 

Exports 

506,247 

.079 

462,620 

.079 

Vforld Seaborne Trade 
Total 

6, 206,365 


2,563,992 



Sources: Trade Route No. 5 from Harad [24]; All C.S. Trade Routes 

from Marad [33, p. 73 and 74]; and V’orld Totals from 
OECD [28, p. 105 with projections]. 


Figure 3.14 Trade Route No. 5 -- U.S. Foreign Seaborne Trade-1973 
(Tonnage - in million pounds; and Value in dollars 
per pound) 


cost is much higher for the container ships on trade route 
number 5 than for all types of vessels on all U.S. trade 
routes, this is partially offset by the fact that the probabil- 
ity of casualty is lower. Safety standards are not as high 
for non-U. S. flag ships, which carry the bulk of U. S. trade. 

Examination of the time delays on other routes indi- 
cates higher speeds on average, 21.7 knots versus 20.3 knots. 
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and smaller differences in total delay time between- routed and 
unrouted ships. Using these rough figures and estimated 1973 
dollar figures of $14,500 per day (versus $18,000 per day for 
container ships in the case study) for' operating cost, an 
estimated weighted benefit ratio of -.777 was derived. This 
ratio is the benefit on all U.S. routes for all vessel types , 
except liquid bulk, relative to the benefit to container ships 
on U.S. trade route number 5 . Using this ratio, the case 
study benefits, and U.S. trade route forecasts, a generalized 
stream of benefits was generated, once for SEASAT versus the 
modified system and once for SEASAT versus the present system. 

The final results of the case study and the gener- 
alization are presented in Figure 3.15. No attempt was made to 
generalize the results further to world trade because of the 
greater diversity in sea conditions, weather, vessel types, 
and ves se 1 . qual i ty which would be difficult to quantify-, 
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4. BENEFITS TO TANKERS 
4 . 1 Introduction 

Dollar savings can be realized for tankers because 
of the time underway saved due to more perfect environmental 
information. Even if one considers that tankers could save 
dollars by using technology available today, a 10 to 15 per- 
cent increase when SEASA.T becomes operational is a reason- 
able assumption. 

This increment is based on past experience and the 
assumption that SEASAT will be able to provide the addi- 
tional information stated. In the 1960's, when satellite 
information was first used in weather routing, there was 
about a 15 percent reduction in time underway. If SEASA.T 
can provide information such as wave height and direction, 
surface winds, and ice information, an improvement of the 
same magnitude as when the original satellites were first 
used for weather routing is reasonable. These incremental 
dollar savings are a substantial amount, especially consid- 
ering the high dollar operating costs of VLCC ' s and ULCC ' s , 
which will constitute approximately 60 percent of the total 
tanker tonnage in 1985. Because of the large number of 
ships that will be in service, operating savings provided by 
weather routing could be as much as $102,000,000 per year of 
which 10 to 15 percent could be considered to be incremental 
savings provided by SEASAT. 
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■An additional projected cost of $37,700,000 per year 
to replace VLCC and ULCC tonnage lost due to weather could be 
decreased because of information SEASAT will provide. However, 
many weather losses occur in areas where better weather infor- 
mation- could be of little use; therefore, this entire dollar 
figure cannot be considered as potential savings. The potential 
range is between 12 and 40 percent, or $4,500,000 to 
$15, 000, 000, 

When past casualties were reviewed, the above fact 
came out quite clearly: that, although many losses can be 

prevented by weather routing, the majority occur in coastal 
waters where weather routing cannot be of much assistance. 
Furthermore, losses and damages to cargo can be reduced by 
weather routing, but this has no effect on tankers which carry 
no on-deck or damageable cargoes. 

In summary, the greatest dollar savings would seem 
to come from time saved underway. Although some catastroph- 
ic losses will be prevented, the majority caused by weather 
occur in areas that ocean condition information can be of little 
assistance such as at the entrance to ports and at dock. In 
addition, tankers will not benefit from reduced cargo damage. 

4 . 2 Tanker Trade Routes 

For this study, the major world tanker trade 
routes and the weather-dependent alternatives associated 


with each were defined. 


See Figure 4.1, Trade Route Descriptions. 



TR# 


From 


To 


Weather Dependent Alternatives 


1 California Japan Route north if high is over Gulf of 

Alaska/Bering Sea with lows tracking 
east-northeast from Japan at mid- 
latitudes or if "cut-off" lows devel- 
op north of Hawaii. Route south if 
lows follow standard track north- 
eastward from Japan to the Aleutians, 
Gulf of Alaska and Pacific Northwest, 

2 Japan California More southerly routes in winter due 

to the intensity of lows crossing the 
Pacific. Routes approaching Great 
Circle in summer as lows weaken and 
highs move eastward at higher alti- 
tude. In summer, routes also depen- 
dent on extent of fog. 

3 Balboa Japan Coastal sailing along Mexican coast 

if gales anticipated in Gulf of 
Tehuantepec (Fall-Spring) southerly 
routes in winter as more favorable 
weather/currents offset added dis- 
tance . Routes to the north in 
summer (but south of Great Circle) as 
lows weaken and track further north. 
Routes in Western Pacific in summer 
also dependent on recurring tropical 
storms/ typhoons . Routes in the 
Eastern Pacific also dependent on 
existence of hurricanes south of 
Mexico in the summer. 


Figure 4.1 Trade Route Descriptions 
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TR# 

From 

To 

Weather Dependent Alternatives 

4 

J apan 

Balboa 

South to about 30N-35N in winter depend- 
ing on intensity of lows moving from 
Japan vs. speed/stability of vessel. 

In summer routes up to and including 
Great Circle tracks. Courses in Eastern 
Pacific (Fall-Spring) also dependent on 
existence on "cut-off lows north of 
Hawaii and Gulf of Tehuantepec gales. 

5 

U . S . East 
Coast 

North Europe 

Track and intensity of lows dictate a 
northerly or southerly route; also 
dependent on location of Azores high 
and on location of Ice Pack/Bergs in 
winter . 

• ® ; 

North Europe 

0 . S . East Coast 

Route dependent on track of lows; east 
to east-northeast indicates a course via 
north of the U.K. with considerable 
di s t ance/time savings Lows tracking to 
Greenland/Iceland would dictate a track 
via the English Channel, 

7 

U . S . East Coast 

Mediterranean 

Southerly or northerly routes dictated 
by track and intensity of lows and 
location of Azores high. 

8 

Mediterranean 

U.S. East Coast 

Southerly or northerly routes dictated 
by track and intensity of lows and 
location of Azores high. 


Figure 4,1 Trade Route Descriptions (Continued) 
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TR# From 

9 U.S. Gulf 


10 North Europe U.S. Gulf 


11 U.S. Gulf Mediterranean 


12 Mediterranean U.S. Gulf 


To 

North Europe 


Weather Dependent Alternatives 

Track and intensity of lows dictate 
northerly or southerly routes; also 
location of Azores high and location 
Ice Pack/Bergs in winter. In addi- 
tion, the use of the Gulf Stream 
current to best advantage through 
satellite updates. 

Route north of U.K. when lows track 
east-northeast across Atlantic and 
via English Channel when lows track 
to Greenland/Iceland . In addition 
use satellite updates to minimize 
adverse Gulf Stream current. 

Again, the track of the lows across the 
Atlantic and the location of the Azores 
high dictates a northern or southerly 
track. Also, satellite updates maximize 
Gulf Stream in Western Atlantic and 
minimize adverse effects of the North 
Equatorial current in the Eastern 
Atlantic . 

The track of lows across the Atlantic 
and the Azores high are once again the 
determining factors. In this direction 
maximize the North Equatorial current 
and minimize the effects of the Gulf 
Stream . 


Figure 4 . 1 


Trade Route Descriptions (Continued) 



1 

■ TR# 

From 

To 

Weather Dependent Alternatives 

13 

Persian Gulf 

North Europe 

Major decision involves whether to 
route east or west of Madagascar 
Dependent on tropical cyclone activity 
in the Mozambique Channel area or east 
of Madagascar. Routing also dependent 

to a lesser degree on strength and 
location of major current systems. 

14 

North Europe 

Persian Gulf 

Route east or west of Madagascar 
depending on tropical storms. Also 

dependent on strength and location of 
major currents. 

15 

Persian Gulf 

Caribbean 

East or west of Madagascar depending 
on tropical storms. Current location 

and strength is prime concern. Also 
dependent on presence of tropical storm 
activity in the Caribbean/Western 
Atlantic. 

16 

Caribbean 

Persian Gulf 

Tropical storms east or west of Madagas- 
car, location and strength currents and 
presence of tropical storms in Caribbean 
and Western Atlantic all are factors to 
be considered. 

17 

Persian Gulf 

North Atlantic 

Tropical storm activity east or west of 
Madagascar and current strength and 
location as with previous Persian Gulf 
routes. Also, route across North Atlan- 
tic dependent on lows moving off U.S./ 
Canada . 


Figure 4.1 Trade Route Descriptions (Continued) 
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TR# 

Prom 

To 

Weather Dependent Alternatives 

18 

North Atlantic 

Persian Gulf 

Route from North Atlantic dependent 
on track of lows moving off U,S./ 
Canada. Again, current strength and 
location and tropical storm activity 
east or west of Madagascar must be 
considered . 

19 

Persian Gulf 

Japan 

Dependent on strength and location of 
tropical storms and monsoons in Arabian 
Sea, Bay of Bengal, South China Sea, and 
Philippine Sea. 

20 

J apan 

Persian Gulf 

Route dependent on location and strength 
of tropical storms and monsoons in 
Philippine Sea, South China Sea, Bay of 
Bengal, and Arabic Sea. 

21 

South East Asia 

U.S. West Coast 

Route north or south of Philippines 
dependent on presence of tropical storms 
and monsoons in Philippine Sea. Route 
across the North Pacific dependent on 
track and intensity of lows moving off 
J apan . 

22 

U . S . West Coast 

South East Asia 

Route across the North Pacific dependent 
on track and intensity of lows moving 
off Japan. North or south of Philipines 

dependent on presence of tropical storms 
and monsoons in the Philippine Sea. 


Figure 4,1 Trade Route Descriptions (Continued) 
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Using the Ocean Routes, Inc., ship data file, aver- 
age time savings that accrued to routed vessels over un- 
routed vessels on these major trade routes were assigned. 

The time savings were then increased by 10 percent to allow 
for improved performance given the more perfect weather in- 
formation such as SEASAT would provide. These hourly 
savings for each trade route are shown in Figure 4.2, Hours 
Saved Per Voyage by Trade Route. As a general rule, routes 
which go north-south and/or stay close to land masses (e.g., 
Persian Gulf to North Europe) save less time than east-west 
routes which are crossing open water. 

A further comment on why ships running near shore 
or those running north-south are unlikely candidates for 
avoiding storms and saving time even with better weather 
information should be made. An important factor in avoiding 
a storm is seeing the system in advance and then taking a 
diversionary course. When near land, manuveurabilit y is 
restricted because of the landmass itself. 

Further, storm systems move from west to east around the 
earth, and, therefore ,' if a ship is going in any east-west 
direction in open water, it will most likely have the chance 
to avoid a storm or at least its center if it can see the 
system far enough in advance. To avoid a system when moving 
north-south, it is necessary to stop completely or slow down 
and let the storm pass through the area ahead. Since a 
majority of travel along major land masses is in a north- 



Route 

No . 

Description 

Hours Saved* 

01 


California to Japan 

10.5 

02 


Japan to California 

5.2- 

03 


Balboa- to Japan 

5.8 

04 


Japan to Balboa 

13.8 

05 


U.S. East Coast to North Europe 

3.8 

06 


North Europe to U.S. East Coast 

5.2 

07 


U.S. East Coast to Mediterranean 

4.4 

08 


Mediterranean to U.S. East Coast 

7.7 

09 


U.S. Gulf to North Europe 

6.0 

10 


North Europe to U.S. Gulf 

3.0 

11 


U.S. Gulf to Mediterranean 

1.4 

12 


Mediterranean to U.S, Gulf 

1.6 

13 


Persian Gulf to North Europe 

1,0 

14 


North Europe to Persian Gulf 

1.0 

15 


Persian Gulf to Caribbean 

1,2 

16 


Caribbean to Persian Gulf 

1.3 

17 


Persian Gulf to North Atlantic 

2.3 

18 


North Atlantic to Persian Gulf 

2,0 

19 


Persian Gulf to Japan 

1.4 

20 


Japan to Persian Gulf 

1.3 

21 


S.E. Asia to U.S. West Coast 

4 . 6 

22 


U.S. West Coast to S.E. Asia 

4.8 

* 

These savings are 10 percent greater than the savings that 
ships experience which currently use weather routing. This 
assumes that the more perfect weather knowledge which SEASAT 
can provide v/ould increase current savings by 10 percent. 


Figure 4 , 2 


Hours Saved Per Voyage by Trade Route 
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south direction, it can be further seen why the option of 
going farther offshore to avoid a storm is not practicable. 

Hourly operating costs for 10 tanker DWTs based 
on annual tanker operating costs in 1974 were cal.culated 
("TAPS SEALEG STUDY," by Ocean Data Systems, 1974), These 
hourly costs, which were based on a 360-day year and exclude 
fuel and amortization costs, are shown in Figure 4.3, Tanker 
Operating Costs Per Hour, Operating Costs as opposed to 
vessel profitability are used because they are much easier 
to measure for any given ship. Profit involves extraneous 
variables that will vary considerably from one ship to 
another or even one voyage to another. 

Figure 4.4, Average Dollars Saved Per Voyage by 
Vessels Having More Perfect Weather Information, puts to- 
gether the hours and costs calculated in Figures 4.2 and 4,3 
to show the average savings per voyage by trade route and 
vessel size. Based on the experience of Ocean Routes, it 
was assumed that approximately the same hourly savings per 
voyage would accrue to any of the vessel DWT ' s shown with 
speeds between 13 and 17 knots. 

Because the price of fuel is such a large part of 

operating costs ard because its costs have increased greatly 
since 1974, a separate table was made showing average 

tons of fuel consumed per hour by vessel size (Figure 4.5, 


Average Tons of Fuel -Per Hour by DWT Group) . 


The bunker cost 
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Vessel 
“ DWT 

Cost/Hour* 
■ ($) 

40,000 

190 

45,000 

193 

60,000 

202 

70,000 

206 

75,000 

212 

. 80,000 

215 

90,000 

219 

120,0.00 

282 

250,000 

344 

300,000 

397 

* 

From 1974 Ocean Data Systems Report 
from annual costs, assuming a 360-day 
zation. 

calculating hourly costs 
year, excluding amorti- 


Figure 4.3 Tanker Operating Costs Per Hour 

savings per voyage will vary , depending on average consumption 
per hou-r (a function of horsepower and speed - see Figure 32, 
Normal Shaft Horsepower) and the costs per long ton. By using 
the tables provided, the dollar savings on any of the twenty"two 
trade routes for any of the ten vessel sizes can be calculated 
in the same manner as the example that follows. 





VESSEL 

[ ROUTE NUMJJER 

1 



















DWT 

JHIQIII 

2 

3 

mm 


6 

MM 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

10 

19 

20 

21 

22 

40,000 

2000 

990 

1100 

2620 

720 

990 

840’ 

1460 

1140 

570 

270 

300 

190 

190 

230 

250 

440 

380 

270 

250 

870 

910 

45,000 

2030 

1000 

1120 

2660 

730 

1000 

050 

1490 

1160 

580 

270 

310 

190 

190 

230 

250 

440 

390 

270 

250 

090 

930 

60,000 

2120 

1050 

1170 

2790 

770 

1050 

890 

1560 

1210 

610 

280 

320 

200 

200 

240 

260 

460 

400 

280 

260 

930 

970 

70,000 

2160 

1070 

1190 

2840 

780 

1070 

910 

1590 

1240 

620 

290 

330 

210 

210 

250 

270 

470 

410 

290 

270 

950 

990 

75,000 

2230 

1100 

1230 

2930 

810 

1100 

930 

1630 

1270 

640 

300 

340 

210 

210 

250 

280 

490 

420 

300 

280 

980 

1020 

80,000 

2260 

1120 

1250 

2970 

820 

1120 

950 

1660 

1290 

640 

300 

340 

220 

220 

260 

280 

490 

430 

300 

280 

990 

1030 

90,000 

2300 

1140 

1270 

3020 

830 

1140 

960 

1690 

1310 

660 

310 

350 

220 

220 

260 

280 

500 

440 

310 

280 

1010 

1050 

120,000 

2960 

1470 

1640 

3890 

1070 

1470 

1240 

2170 

1690 

850 

390 

450 

280 

280 

340 

370 

650 

560 

390 

370 

1300 

1350 

250,000 

3610 

1790 

2000 

4750 

1310 

1790 

1510 

2650 

2060 

1030 

480 

550 

340 

■340 

410 

450 

790 

690 

480 

450 

1580 

1650 

300,000 

4170 

2060 

2300 

5400 

1510 

2060 

1.750 

3060 

2380 

1190 

560 

640 

400 

400 

480 

520 

910 

790 

560 

520 

1830 

1910 

VOYAGES/ 

YEAR** 

12*1 

m 

3 

17. 

6 

17 

.0 

12.4 

12 

. 8 

■ 


m 


■ 


8. 

7 

7. 

5 


* Assumes that the hours saved will be the same for all DWT ' s and all speeds between 13 
and 17 knots. 

** Based on 320 sea days and an average speed of 15 knots. 


Figure 4 . 4 


Average Dollars Saved Per Voyage* (Excluding Fuel Costs) 
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t 

! 

DV?T Range 
(OOO) 

Average Consumption* 


20-29 

1.85 


30-49 

3.00 


50-69 

3.15 

j 

70-99 

3.17 


100-199 

3.92 


200-239 

5.98 


240 + 

6.75 

A 



Based 

on sample consumption 

rates for 15 to 16 knot 

tankers . 


Source : 

1974 Tanker Register 

f H, Clarkson, London. 

i 

J 


Figure 4.5 Average Tons of Fuel Consumed Per Hour 
by DWT. 

4 - 3 Estimation of Benefits 

To demonstrate how the savings per voyage on any 
of the twenty-two trade routes can be calculated, the 
following example is used as an illustration: 

Trade Route #3 

Vessel Speed 16 knots 

Vessel DWT 120,000 tons 

Bunker Cost/Ton $70.00 


Shaft Horsepower 


normal 


24 , 000. 



Long Tons of 



Figure 4.6 Normal Shaft Horsepower vs. Long Tons of Fuel Consumed Per Hour 


■«v 
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If Shaft Horsepower , (SHP ) is unknown, a rough approximation 

normal w 

can be made using the following equation: 

. 45 ^ 

= .0015 * A' V' Where A = Displacement = DWT * 1.28 

V = Speed. 

The average cost savings in trade route #3 for a 

120.000 DWT vessel is $1,640 excluding fuel savings as found 

in Figure 30. To find the fuel savings, go to Figure 4.6, and 
find that a 24,000 vessel (running at full power) burns 

5 tons of fuel per hour. At $70.00 per ton, this figures out 
to be’ a savings of $2,030 for fuel and a total voyage savings 
of $3,670. 

If the SHP^ for this exaijiple had been known, 
then going through the horsepower estimation would have 
given a SHP of 21,200. 

4.3.1 Estimation of Savings on All Routes 

The figures presented in Figure 4.7, Sample Ship 
Trade Route Assignments, constitute a random sample of 
vessels assigned to major tanker trade routes at the begin- 
of 1975. They account for 12,6 percent or approx- 
imately one-eighth of the tanker fleet greater than 20,000 
DWT assigned to major world tanker trade routes. Ships 
operating on U.S. Intercoastal routes, Inter-Mediterranean 
routes, and Mediterranean-North Europe routes are excluded 
from the total population size. 



REPRODUCIBILlTy OF THE 
OHIGINAL PAGE IS POOR 


VESSEL DW'l 
( 000 ) 

20-29 

30-49 

50-69 


70-99 


100-199 


200-239 


240+ 


TOTAL 


TOTAL 
BY SIZE 

485 

748 

401 


421 


327 


241 


14 4 


2767 


TRADE ROUT'E NUMBER 


1-2 


18 


3-4 


13 


5-6 


16 


7-8 


24 


9-10 


12 


24 


11-12 


Ut 


27 


13-14 


10 


19 


20 


13 


78 


15-16 


,10 


26 


17-18 


16 


29 


19-20 


13 


20 


14 


11 


12 


81 


21-22 

2 

4 

2 


14 


TOTAL 


60 


95 


50 


55 


40 


30 


20 


350 


Note: This sample is 12.6% of 1974 tanker population (those tankers on major world 

tanker trade routes) . Total 1974 population - 2767 vessels (excludes all 
vessels less than 20,000 DWT and 1/3 of vessels between 20,000 and 30,000 DWT) . 

Routing Source: Lloyd's Voyage Record 

Various Issues, January-Apr il 1975 


Figure 4.7 Sample Ship Trade Route Assignments, First Quarter 1975 
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To find the potential savings for each trade route 
by ship size, calculations are as follows (using route 
numbers 1-2 and ships between 70,000 and 99,999 DWT tons as 
an example ) . 

Figure 4.4 shows that each ship can make up to 12.1 
voyages per year on this route if it is exclusively assigned to 
this route for the entire year. From Figure 4.7, four ships 
of this size were ass-igned to’ trade routes 1-2. By multi- 
plying these f i gures together and then multiplying by 8 (as 
the sample is approximately one-eighth of the total popula- 
tion) a potential of 387 round trip voyages per year is 
obtained. Using 80,000 DWT as the average vessel size for 
the 70,000 to 99,999 DWT group, a savings of $3,380 per 
round trip voyage (excluding fuel) is realized. Multiplying 
this by the 387 voyages gives an annual savings of 
$1,308,000. To calculate fuel savings. Figure 4.2 shows that 
15.7 hours per round trip are saved. Multiplying this by 
$70.00- per ton of fuel and 3,17 tons of fuel consumed per 
hour (Figure 31) and finally multiplying once again by the 
387 potential voyages yields a fuel savings of $1,348,000 
per year and total annual savings of $2,656,000. Figure 4.8 
shows the calculation for each trade route and vessel DWT 
size. 

The total savings is almost $69,000,000 based-, on 
the 1974 fleet of almost 2,800 tankers. 




TRADE 

ROUTE 

NUMBERS 1 


1 DWT 

■w 


5-G 

7-8 

1 0 

20-29 

Op Cost 

2026 

869 

1685 


"2036 ' " 


Fuel 

1378 

592 

1149 

1279 

1307 


Total 

3404 

3 46L 

2834 

3156 

3423 

30-49 

Op Cost 

1736 

434 

1204 

2815 

1357 


Fuel 

1915 

481 

1333 




Total 

3651 

915 

2535 

5925 

28 57 

50-69 

Op Cost 


463 

769 

1999 

181 


Fuel 


505 

830 

2177 

197 


Total 


9Gil 

1.607 

4 1 VG 

TfS' 

70-99 

Op Cost 


1232 

21. i 

73 0 

191 


Fuel 

134 8 

.1 270 

201 

730 

198 


Total 

2G57 

2502 

554 

14 40 

389 

100-199 

Op Cost 

429 



464 

504 


Fuel 

417 



452 

490 


Total 

046 



916 

994 

200-239 

Op Cost 

Fuel 

Total 






240t 

Op Cost 
Fuel 




■n 

■ 


Total 






TOTAL 

Op Cost 

5500 

2998 

3931 




Fuel 

5058 

2840 

3599 

7748 



Total 

10558 

5046 

7 5 JO 

15613 

8041 


Figure 4 . 8 


Total Annual Savings by 


n - 1 2 

13-14 

15-16 

17-10 ' 

19-20 

21-22 

TOTAL 

29 2 

62 



■■CM 

Ha 

9531 

19 9 

42 





6488 

491 

104 



786 

360 

16019 

BBWii 


215 

161 

m 

mm 

10248 


■Bul 

235 

177 



11310 


■mil 

450 

338 



21558 

246 

65 • 

179 

202 

526 

228 

4858 

271 

72 

198 

223 i 

580 

249 

5310 

517 

137 

377 

425 ! 

1106 

All 

10168 


180 

48 

1 

577 ! 

444 

364 

5328 



50 

598 i 

459 

375 

5490 


361 

98 

1175 

1 

903 

739 

10818 


434 

32 

47 1 

635 

All 

3022 


425 

31 

46 ; 

619 

464 

2944 


859 

63 

93 1 

1254 

941 

59 66 


555 

imiiiHsi 


518 


1150 


683 



629 


1406 


1230 

171 

I 

114 7 


2556 


424 

134 

67 

1 

226 


851 


501 

159 

80 

266 


1006 


925 

293 

1 

147 

492 i 


1857 

1589 


685 


3543 

1710 

34900 

1631 


767 


3658 

1708 

33954 

3220 

3805 

1452 

HIrai 

7201 


60942 


Trade Route and Vessel Size ($000's) 
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Most estimates for the number of ships greater 
than 6,000 DWT that will be in the 1985 tanker fleet range 
between 4,500 and 5,000 ships. The larger vessels operating 
.on the longer trade routes from the Persian Gulf will make 
about f ive-and-a-half (5—1/2) round trips per year, while 
others operating on shorter trade routes will make 12 round 
trips per year. If it is assumed that 80 percent of the 
5,000 tankers operate on major trade routes, save on the 
average of 8 hours per round trip, make an estimated 8 round' 
trips per year, and on the average cost $400 per hour (fuel 
included) to operate, a total annual savings of $102,000,000 
is realized. A lower limit savings would be 3,000 ships 
making 7 round trips per year, saving 5 hours per round trip, 
costing $300 per hour for a total annual savings of $31,500,000. 
4.3.2 Loss Preventxon 

Loss prevention deals with possible savings that 
can be realized by avoiding catastrophic or partial losses 
due to wea ther -rel a ted conditions. 

Lloyd's casualty returns for 1973 contain two 
examples of weather-related losses for tankers in that year 
(see Figure 35, Vessels Lost or Damaged by Weather Cond- 
itions). There were a large number of losses for small 
coastal vessels, but it was felt that these were not repre- 
sentative of the losses tankers would incur. In addition, 
in almost all cases, vessels operating in coastal waters. 



Voss o 1 Name Flag DWT To n 3 Year Built From-To 

NAPIER Liberia 38561 195'9 Africa-Rio do Janeiro 

(Tanker ) 

Ran aground in heavy weather, LAT 44.45S LONG 75.05W on June 9, 1973. Subsequently 
broke in two and was set on fire to avoid oil pollution. 

AARON Panama 16000 1951 Hilo-Yokohama 

(Tanker) 

Broke in two and sank in heavy weather, LAT 33N LONG 165E on September 2, 1971. 

IZ Yugoslavia 21409 1960 Puerto La Cruz-Faeringhaven 

(Tanker) 

Stuck in ice, LAT 49.05N LONG 51.00W on April 5, 1973. Repaired in New York and' sailed. 

SOFIA P. Liberia 19000 1954 Balboa-Singapore 

.Sank in heavy seas, LAT 31N LONG 151E on January 5, 1970. 

CHRYSSI Panama 31000 1953 Pacific Northwest Japan 

Broke in two and sank in heavy weather, LAT 31N LONG 71W on December 26, 1970. 

i - . L ■/. .-ri. , ■ ■ ,,, , ' ' 

TEXACO OKLAHOMA United States 35000 1958 ^ ! 

Broke in two and sank in heavy seas, LAT 36N LONG 74W, on March 27, 19 i 

RAGNY Finland 17000 1951 

Broke in two and sank in heavy seas, LAT 38N LONG 61W on December 27, 1970. 


Figure 4.9 Vessels Lost or Damaged by Weather Conditions 
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regardless of size, cannot avoid loss from weather by using 
better weather information. The only way they could avoid a 
loss is to choose not to sail if that option is open to them. 


By using the Ocean Routes, Inc., historical ship data 


f ile , 

the 

two voyages 

were recreated up 

to the 

time of 

the loss. 

and t 

hen 

determination 

was made if the 

loss cou 

Id have 

been 

pr e ve 

nted 

if the ship 

had been weather 

routed . 




Because of the low number of casualties in. 1973, five 
additional examples were chosen from the tanker advisory 
center report, "A Study of Total Tanker Losses 1964-1973." 
Although they stated there were 22 weather losses in this time 
period, they gave details on only ten of the losses. Because 
of the available information, only the five casualties that 
occurred in 1970 or later were examined. 

The NAPIER was lost in coastal waters off Chile while 
sailing south towards the Strait of Magellan. The vessel could 
not have avoided the heavy weather conditions that caused its 
sinking if it had been under weather routing. 

The AARON was on the shortest route between Hawaii 
and Japan. This course took the ship directly into the south- 
east quadrant of an intense low pressure system (formerly 
Typhoon Trix) . The conditions were 25~foot seas and winds of 
more than 50 miles per hour. If the ship had been weather 
routed, it would have been diverted south where seas were 
between 5 and 10 feet and the .winds between 5 and 15 miles per 
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hour. In this case, it can be clearly concluded that the ship 
would not have -been lost if it had been weather routed . 

The IZ got stuck in the Ice Pack and sustained hull 
damage. With good information' on the Ice Pack, the. IZ could 
have taken a more southerly route, avoided the ice, and sus- 
tained no damage . The IZ sustained its damage during April 
and followed the more northerly course because the Ice Pack is 
generally farther north by this time of the year- 

The SOFIA p. was on a direct course to Singapore 
from Balboa. This course took her directly into a storm with 
35-40 knot w.inds, 20-25 foot seas and severe Swells and a cross-sea 
sea c o d i t i o n . A s.liaht diversion would have avoided this 
combination of conditions that led to the sinking of the vessel . 

The CHRYSSI, TEXACO OKLAHOMA, and' RAGNY were all lost 
while sailing in coastal regions and would not have been aided 
by weather routing. 

Of the seven examples of weather losses, three could 
have been prevented by weather routing. Of the three, the IZ 
and the SOFIA P. would have been aided by the better information 
SEASAT will provide. The AARON should have been able to avoid 
the storm system with technology available today. 

From this information, a rough estimate can be made 
of the range of weather-related losses which could be prevented 
with weather routing. If the three ships mentioned could have 
been aided (and the total sample is 24 [2 vessels from 1973 

Lloyd's and 22 vessels from the Tanker Advisory Center Report]) 
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then the lower limit is twelve percent. However, if the pattern 
of helping 2 out of every 5 vessels were feasible (as with the 
Tanker Advisory Center Report sample) then the upper limit is 
forty percent. 

Coast Guard data for the period from January 1, 1970, 
through June 30, 1974, show that the 103 out of 350 weather- 

caused incidents occurred in open water. This is approximately 
30 percent, which further supports the 12 to 40 percent range. 
The Coast Guard data, however, were too incomplete to draw any 
further conclusions as to whether a routing service could have 
prevented the damage the vessels incurred. 

The dollar savings that can be attributed to the 
three ships are as follows: 

iZ 50-100k in damages 

AARON 6.4m* Undepreciated Replacement Cost 

SOFIA P.. 7.6m* Undepreciated Replacement Cost. 

Every ship loss involves a multi -mil 1 ion dollar eco- 
nomic loss plus the probable loss of human life. The examples 
cited show that, with today’s weather forecasting technology, 
there are still catastrophic losses. While many losses are due 
to human error, more accurate weather forecasting will reduce 
the number and extent of such losses. 

Assumes construction costs of $400 per ton for ships of 
this size-. 
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4.3.3 Tanker Loss Trends 

A review of casualty statistics from recent interna- 
tional conferences on Ocean Hull Casualties was conducted to 
determine (1) the trends in tanker loss ratios, (2) if ship age 
is a factor in weather vulnerability, and (3) if age is a defi- 
nite factor in loss, and to assign a dollar value to V-LCC and ULCC 
losses in the 1980-1985 time frame when these ships will be ten 
years old or older. 

After reviewing several papers, it became evident that 
tanker loss ratios have been steadily increasing since 1959. 

The percentages of tonnage of lost tankers out of the total world 
tanker fleet averaged .19 percent in the 1959-1963 time period, 
period, rose to .29 percent in the 1964-1968 time period, and 
climbed to .37 percent in the 1969-1973 time frame (International 
Union of Marine Insurance, Berlin Conference 1974, Casualty 
Statistics - Ocean Hulls). It is also evident that vessel losses 
in general for all causes increase with age. This trend holds 
true for tankers, with the exception that, after a tanker reaches 
25 years of age, the loss ratio drops dramatically. This can be 
explained by the fact that most tankers of that age are jumbo- 
ised and rebuilt T-2's and thus virtually newly built ships 
(International Union of Marine Insurance, Venice Conference 1973, 
Casualty Statistics - Ocean Hulls, Prepared and remarks by 
Peter Quaile) . 

To summarize, listed here are significant findings and 
assertions that have been presented at recent casualty confer- 
ences and in current papers on tankers. 
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1. Age makes a ship more vulnerable to structural 
failure (one of the most common weather-related 
problems ) . 

2. Statistics show smaller ships' of all types and 
ages are more susceptible to' weather loss or 
damage . 

3. Larger tankers (greater than 80,000 DWT) are safer 

than smaller tankers (they can transport oil over 
a given distance seven times safer than a ship 
less than 80,000 DWT) - but it should be remem- 
bered that the majority of larger tankers are. 
still relatively new, five years of age or less; 
consequently, no historical loss- information due 
to the aging of these ships exists ("Tankers and 
U.S. Energy Situation: An Economic and Environ- 

mental Analysis," Joseph A. Porricelli and 
Virgil F. Keith, Marine Technology, October 1974). 

4. The critical age for structural failure on tankers 
occurs at twelve years, which might tend to make a 
recertification and thorough inspection at this 
age prudent (Porricelli and Keith) . 

5. A paper prepared by Peter Quaile for the 1973 

International Union of Marine Insurance Conference 
has tried to draw the conclusion that, based on the 
increasing loss ratio of aging tankers of today 
(smaller tankers) , one should possibly expect 
that, as supertankers age, their loss experience 
will also increase. (This may be invalid based on 
the other facts presented in Items 2, 3, and 4 

above) . 

4.3.4 VLCC and ULCC Loss Projection 

From this information, it appears that VLCC ' s and 
ULCC ' s will experience some greater loss than they do today, 
but not as great a loss ratio as today's older and smaller 

tankers. Close structural checks along with optimal weather 
knowledge might be the necessary tools to keep the loss ratio 
for VLCC's and ULCC ' s low when they reach 12 years of age or 


greater . 
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If one wishes to put a dollar figure on 1980-1985 
VLCC and ULCC losses without taking the above steps to help 
prevent loss, a good estimate might be to apply the 1969-1973 
average tanker loss ratio (the total of both actual and construc- 
tive losses) of .37 percent to the forecasted VLCC and ULCC 
tonnage for those five years (International Union of Marine 
Insurance, Berlin Conference, 1974, Casualty Statistics - Ocean 
Hulls). For the loss ratio for tankers, the fact that weather- 

I 

related losses accounted for about 20 percent of total tanker 
losses between 1968 and 1972 was considered (International Union 
of Marine Insurance, Venice Conference, 1973, Casualty Statis- 
tics - Ocean Hulls). The total DWT tons of VLCC ' s and ULCC ' s 
(vessels over 200,000 DWT) operating as of December 31, 1972, 
was 66,400,000 ( World Tanker Ship Fleet Inventory - Sun Oil). 
Between January 1, 1973, and January 1, 1975, an additional 

50.600.000 DWT tons were delivered ( Fairplay International 
Shipping Journal - "World Ships on Order," Quarterly Supplements: 
May, August, and November 1973; May, August, and November 1974; 
February 1975) . As of February 1, 1975, there were under con- 
struction or contract an additional 128,900,000 DWT tons of 

VLCC and ULCC capacity. In addition, 53,800,000 DWT tons were 
in a contract pending or negotiating stage ( Fairplay - "World 
Ships on Order," Quarterly Supplement, February 20, 1975). If 
it is assumed that all this tonnage is built and no other 
subsequent tonnage is ordered, there will be a total of 

299.700.000 VLCC and ULCC tons in the 1980-1985 period. Given 


REPEDDUCffiMY 01' ■« 
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the current depression in the world tanker market and the recent 
high cancellation rate, it is unreasonable to assume all tonnage 
now under contract or being negotiated will be built. However, 
to try to predict the tanker demand two or three years hence is 
also a difficult task, and there may very well be a new wave of 
VLCC and 0LCC orders prior to 1985. 

Therefore, given the variable conditions, the total of 

299.700.000 DWT tons should be a reasonable estimate of the 
total VLCC and ULCC DWT tons in the 1980-1985 time frame. If 

1170.00 per DWT ton (1974 dollars) is taken as an average con- 
struction cost for VLCC's and ULCC ' s , times the total DWT in 
service, an investment of $51,000,000,000 is derived. By applying 
20 percent of the loss ratio factor of .37 percent (to account 
for weather loss only) to the total investment, $37,700,000 

is the average undepreciated cost per year to replace lost 
tonnage (1974 dollars) if the 1969-1973 tanker loss ratio applies 
to VLCC's and ULCC's in the 1980-1985 time frame. The approxi- 
mate cost of one 200,000 DWT tanker at 1974 costs is $37,700,000. 
To get the total loss for the period mid-1980 to mid-1985, take 
5 times $37,700,000, which yields $185,000,000. This figure does 
not take into consideration the costs for cargo loss, environ- 
mental damage and clean-up, loss of life, or vessel losses that 
are less than total losses. 

One further modification to these costs is required. 

AS shown in the previous section, weather-related losses that 
occur in areas where they could have been prevented (noncoastal 
waters) account for 12 to 40 percent of total weather losses. 
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Therefore, the total dollars that could be saved by preventing 
weather losses ranges from $22,200,000 to $74,000,000 over the 
five year period, or $4,440,000 to $14,300,000 per year in the 
1980-1985 period. 

4 . 4 Generalization of the Results, Tankers 

Using the results of the tanker case study immediately 
above and the forecasts of Section 2.2.3, the Results Global 
Forecasts, the incremental benefits of SEASAT for tanker opera- 
tions in the 1985-2000 time period are presented in this section. 
It is also necessary to shift the value unit from 1974- dollars 
to 1975 dollars. The case study was done in 1974 dollars since 
the majority of data were collected in this unit and it is easier 
to adjust the final benefit figure to 1975 dollars rather than 
all input figures. 

The results of the case study above found the benefits 

from; 

I. Time savings - through avoidance of adverse weather 
All routing benefits in 1985 

$102,000,000 (in 1974 dollars) - Upper limit 
Portion due to SEASAT 

10% 15% 

$10,200,000 $15,300,000 

$ 35,500,000 (in 1974 dollars) - Lower limit 
Portion due to SEASAT 

10% . 15% 


$ 3,150,000 


$ 4,725,000 
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II. Prevention of catastrophic losses - through avoidance 
of adverse weather 

All routing benefits in 1983 

$37,700,000 (in 1974 dollars) 

Portion due to SEASAT 

12% 40% 

$4,524,000 . $15,080,000. 

The global forecasts of Section 2.2.3 indicate growth 

in active gross tonnage of tankers of 8.7% through the 1985-2000 

time period. The benefits were adjusted to 1975 dollars by 

using a 9% inflation factor (a weighted factor of relevant O.S. 

price indexes from the Survey of Current Business ) . Using the 

benefit figures of a 8.7% growth rate and the 9% inflation' 

factor, the final generalized benefits for the 1985-2000 time 

period were calculated and the benefits are presented in 

pig-^xe 4.10, Generalization Results— SEASAT Benefits i~o Tanker 


Operations, 1985-2000. 
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I. Benefits from Time Savings - millions of $ (1975) 



Upper Limit 
All Routing Benefits 
Due to SEASAT 

Lower Limxt 
All Routing Benefits 
Due to SEASAT 


High (15%) 

Low (10%) 

High (15%) 


1985 

(UndiscountG^ 

$16.7 

11.1 

5.2 

3.4 

1985-2000 

(Discounted*) 

94 . 3 

62.8 

29.1 

19.4 


II. Benefits from Prevention of Catastrophic Losses - 
millions of $ C1975) 



Due to 

SEASAT 


High (40%) 

Low (12%) 

1985 



(Undiscounted) 

19. 4 

5.8 

1985-2000 



( Discounted* ) 

109.8 

32.9 


* 

Discount Rate - 10% 


Generalization Results-SEASAT Benefits to 
Tanker Operations, 1985-2000 (in million 
1975 dollars) 


Figure 4.10 
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5. CANADIAN STUDY RESULTS 

The Canadian Center for Remote Sensing (CCRS) has 
conducted an economic assessment of Canadian applications 
of SEASAT data. Among the areas assessed are weather 
routing possibilities and reduction in marine insurance costs 
through casualty avoidance. The CCRS 'has worked closely with 
NASA and ECON in this assessment, and the results to date of the 
Canadian effort in these areas, although not yet complete, are 
summarized in this section. 

The Canadian study of routing focuses on Canadian 
international cargo, i.e., cargo loaded or unloaded at Canadian 
ports and destined for or emanating out of an ocean crossing. 

As a basis for estimating potential savings in Pacific crossings 
attributed to the use of SEASAT type data, some simplifying 
assumptions are required. First, it is assumed that the ratio 
of cargo tonnage to net tonnage of a typical ship is 1/1, or 
cargo tonnage to gross tonnage is 0.5/1. Then it is assumed 
that a typical ship bound from Vancouver to ports in Europe, 
the Middle East, Africa, Asia, and Oceania is 10,000 tons net, 
carries a cargo of 10,000 tons, has a rated speed of 17 knots 
and an operating cost of $13,000 per day (1974 dollars) . The 
defined "typical” ship is a useful proxy to represent the 
complicated distribution of ship sizes, types, and costs. 
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Assuming that routing services will be available to 
all ships at the time. SEASAT operational systems become avail- 
able, the Pacific westbound crossings of interest would be in 
the range, of 9 to 13 days for freighters and bulk carriers 
bound from Vancouver to Japan, and longer from Vancouver to 
other ports in Europe, the Middle Eas t Africa , Asia and Oceania. 
For purposes of analysis, a typical crossing is assumed to take 
11 days. 

As in the case of the Pacific shipping analysis, it 
is assumed that the ratio of cargo tonnage to net tonnage of a 
typical ship is 1/1, or cargo tonnage to gross tonnage is 0.5/1. 0. 
Then it is assumed that a typical ship bound from Atlantic ports 
to ports in Europe, the Middle East, Africa, Asia, and Oceania is 
12,000 tons net, carries a cargo of 12,000 tons, and has a rated 
speed of 17 knots and an operating cost of $13,000 per day (1974 
dollars) . 

Assuming that routing services will be available to 
all ships at the time SEASAT operational systems become avail- 
able, the Atlantic eastbound crossings of -interest would be in 
the range of 7 to 10 days from U.S. east coast ports to northern 
Europe. The crossings of interest would be in the range of 7 
to 12 days from Canadian Atlantic ports to northern Europe and 
the Mediterranean. For purposes of analysis, a typical crossing 
is assumed to take 8 days. This is a conservative assumption. 
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Benefits are calculated from the figures and ship 
routing study results calculated at ECON. 

Forecasts of Canadian international trade at Canadian 
Atlantic, Pacific, and Great Lakes ports to the year 2000 resul- 
ted in benefits which are given in Figure 37, Canadian Interna- 
tional Trade SEASAT Benefits. This trade includes both arrivals 
and departures of cargo unloaded or loaded at Canadian ports in 
1974 dollars. The most recent trade history of Canada indicates 
a 5.2% growth rate, which is called Scenario A. A lower limit 
for growth of trade is 3%, which is called Scenario B. 

In the area of marine insurance, the CCRS approached 
the study from the financial side as opposed to the real side 
as done by ECON in the U.S. dry cargo and World tanker fleet 
portions of this study. in 1973, about 27 percent of operating 
expenses for Canadian water transportation companies were 
related to ocean going shipping , and about 41 percent were 
^®^^ted to Atlantic and Pacific coastal shipping (domestic and 
^ ^ he r na t i ona 1 ) . It is estimated that 40 to 50 percent of the 
operating expenses of these Canadian companies are related to 
international ocean going and coastal trade (Atlantic and 
Pacific). On this basis, it is estimated that between $5 million 
and $10 million of 1973 Canadian shipping insurance expenses, 
or between $4 million and $8 million of claims paid , was rela- 
ted to international* ocean going and coastal trade. 
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1980 Scenario A 
Scenario B 

, 1990 Scenario A 
Scenario B 

2000 Scenario A 
Scenario B 

Figure 5.1 Canadian International Trade, SEASAT Benefits 
1980-2000 in 1974 Dollars 

Most of Canada's international imports and exports 
are carried by foreign vessels. For example, in 1972 foreign 
vessels accounted for about 141 million tons and Canadian 
vessels about 20 million tons of cargoes arriving and departing 
Canadian Atlantic and Pacific ports in international trade. 

Thus, foreign vessels carried 7 times as much as Canadian 
vessels in this category. It seems reasonable to assume, there- 
fore, that operating expenses of all vessels engaged in this 
Canadian trade are 5 to 10 times as great as Canadian expenses 
and that insurance expenses and claims paid are in the same 
proportions. On this basis, total insurance claims would range 
from $20 million to $80 million per year (1972) . 
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Assuming shipping growth rates approximately as in the 
above (Scenarios A and B applied between 1972 and 2000 A.D.), 
assuming a constant Canadian share of the total, and assuming 
constant insurance rates, one obtains the fol, lowing forecast of 
insurance claims paid in connection with inj^ernational shipping 
to and from Canadian ports. 


Range of Estimated Insurance Claims (10^ Dollars, 1974) 



S cenar-io 

_A 

Scenario 



Year 

Canadian 

All Firms 

Canadian 


All Firms 

1972* 

5-9 

25-90 

5-9 


25-90 

1978 + 

6-11 

30-110 

6-11 


30-107 

1980 

7-13 

35-130 

6-11 


32-115 

1990 

13-23 

65-230 

9-15 


43-153 

2000 

23-40 

115-400 

11-21 


57-206 


At the present time, it 

is not known what 

impact SEASAT 

will have 

in reducing 

ship damages 

and sinkings-; 

hence insurance 


claims and finally ship insurance expenses. For purposes of 
parametric analysis, potential savings of 10 and 20 percent 


are postulated. Such potential savings seem feasible in view 
of the estimate that "Grounding and collision account for over 
50 percent of all ship losses and oil spxlls," and the following 


da ta : 
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Shipping Damages 


% Loss of 

% of Oil 

Cause, 1956-1970 


Shipping 

Spill Caused 

Grounding 


43.6 

48.4 

Foundering 


18.0 

5.6 

Hull Failure 


2-0 

27.0 

Fire-explosion 


15.3 

1-. 0 

Collision 


12.0 

6.7 

Contact damage 


4 . 5 

0.5 

Machinery 


1.2 

- 

Missing 


1.9 

- 

Other 


1.5 

3.0 

Total 


100.0 

100.0 

Groundings, founderi 

ng, hull 

failure, and collision 

s are largely 

related to bad weath 

er condi 

tions and heavy seas, a 

nd partly to 

ship design faults. 

SEASAT 

data may be useful in these cases. 

The figure 

, Figure 

5.2, Range of Benefits 

of SEASAT 

Related to Insurance 

Claims , 

shows potential ranges 

of benefits 


of SE&SAT data in reducing damages. The estimates are based on 
the hypothetical 10 percent and 20 percent savings. 

The Canadian study calculates benefits to SEASAT from 
routing beginning with the launch of SEASAT-B in 1978. To pre- 
sent the Canadian results in a manner consistent with the other 
figures in this study, only benefits in the 1985-2000 time frame 
are considered in the overall results below. The fully opera- 
tional SEASAT is expected to be launched in 1985 although the 
interim SEASAT systems preceeding the operational system may 
generate substantive benefit beginning in 1978. 
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Potential Million- 

Dollars Per 

A 

Annun (1974 

Dollars) 


1980 

1990 

2000 

SCENARIO A 
10 percent savings 
Canadian Firms 
All Firms 

0. 7-1. 3 
3 . 5-13 . 0 

1-2 

7-23 

2-4 

12-40 

SCENARIO A 
20 percent savings 
Canadian Firms 
All Firms 

1. 4-2. 6 
7.0-26.0 

2-4 

14-46 

4-8 

24-80 

SCENARIO B 
10 percent savings 
Canadian Firms 
All Firms 

0. 6-1.1 
3.2-11.5 

1-2 

4-15 

1-2 

6-21 

SCENARIO B 
20 percent savings 
Canadian Firms 
All Firms 

1. 2-2 . 2 
6. 4-23 . 0 

2-3 

8-30 

2-4 

12-42 


Figure 5.2 


Range of Benefits 
Claims (Damages), 
Ports in Millions 


of SEASAT Related to Insurance 
Shipping to and from Canadian 
of 1974 Dollars 


Two other adjustments were necessary to make these 
results consistent with the rest of the study First, all 
results were shifted from 1974 dollars to 1975 dollars using a 
9% inflation factor. And second, the Canadian study results 
were scaled down by 8.7% (the share of tankers in Canadian 
trade) to avoid double counting of benefits when the Canadian 
results are added into the D.S. dry cargo and the World tanker 


fleet figures. 
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After making these adjustments/ the Canadian trade route 
benefits are estimated to be; 

• $6.4 million to $9.2 million in 1985, undiscounted , 
for reduction in delay time due to adverse weather 

m $25.2 million to $43.8 million, 1985—2000, cumula- 
tive discounted benefits, for reduction in delay 
time due to adverse weather 

• $5.0 million to $34.9 million in 1985, undis- 
counted, for reduction in insurance costs due to 
fewer weather-related casualties 

• $24.5 million to $163.6 million, 1985-2000, cumu- 
lative discounted benefits, for reduction in 
insurance costs due to fewer weather-related 
casualties . 
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6. OVERALL RESULTS 

The results of the marine transportation study 
focused on the benefits to be derived from the use of SEASAT 
in ocean condition and weather forecasting. These 
forecasts are extensively used at present (as described in 
Section 2.3) to route ships to minimize time losses and damage 
from adverse weather. By improving this procedure, SEASAT can 
produce incremental benefits in the areas of direct operating 
costs and marine insurance costs. Specifically, the benefits 
come from: 

• Reduction in delay time due to adverse weather 

• Prevention of catastrophic losses due to adverse 
weather (total losses such as groundings or sinking) 

• Reduction in hull casualties (damage to ship and 
ship equipment) 

• Reduction in P & I and cargo casualties (injury 
to personnel, liability for casualty-related 
damage such as oil spills, and cargo damage). 

Various aspects of ship routing have been examined 
in detail in this report for three major segments of world 
shipping : 

• Dry cargo shipping on all U.S. trade routes 

• Dry cargo shipping on Canadian trade routes 

• world tanker fleet operations. 

Complete assessment was not possible because of the 
lack of data, inaccessibility of existing data, and poor qual- 
ity of data available. This is especially true of the marine 
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P & I and cargo insurance industries which are much less orga- 
nized and clearly defined than the hull insurance industry. 

The study was also restricted to ocean crossing 
shipping. Thus, coastal shipping and inland shipping were not 
included in this assessment. This was done because the weather 
routing procedure is a direct application of SSASAT data in the 
long-range (2 to 10 days) ocean condition forecasting operation, 
while coastal and inland shipping are "short-term, local" fore- 
casting problems. SEASAT data will provide valuable data to 
the short-term, local weather forecasting operation, but it 
would be difficult to distinguish and properly quantify the 
incremental benefit due to SEASAT. Therefore, even though coastal and 
inland shipping are larger operations than ocean shipping and 
the benefits from SEASAT in this area may be very substantial, 
no attempt has been made to estimate these benefits in this 
study . 

The benefits estimated in all areas of this study -e 
are summaried in Figure 6.1, Overall Results, Benefits Due 
to SEASAT in Marine Transport, in 1975 Dollars. 



Canadian 


World riceU, 


Total'S estimated 


I Direct 
Cpcracinv 
COStB 

Marine 

I nsu ranee 
Co St a 


Figure 6. 


Source of 
Bcnef Its 


Delay 

Time 

Cost 

Savings 


Prevention 
of Cata- 
strophic 

Lo-ises 


Reduction 
in Casual- 
ty Costs 
(Mulls) 


Reduct ion 
1 n 

Casua 1 ty 
Costs 
(P&I 
ca rgo ) 


All U.S. 
Trade Foutos 


196S 

Undxscountcd 
Eencf Its 


20 , 6 & 0,000 


19(15-2000 
Cumulative 
Discounted 
Bonof 1 ts* 


00 , 020,000 


(not estimated) 


6,400,000 


26, 840, 000 


(not catiinatod) 


Trade Routes 


1085 

Undibcounted 
Bcncf Its 


6,440, ODO 
to 

9,220, 000 


5, 000,000 


39,900,000 


1985-2000 
Cumulative 
D 1 scoun ted 
Benefits* 


25.200.000 
to 

43 . 800.000 


24,500,000 


163,600,000 


All Major Routes 


1905 

Undiscounted 
Qonef Its 


3,430,000 

to 

16,680, OOO 


5.830.000 
to 

19420.000 


1985-2000 
Cumulative 
Discounted 
Donof its* 


19,400,000 

to 

94 , 2^50, 000 


32,930,000 

to 

109, '800, 000 


(not estimated) 


(not estimated) 


1965 

Und iscountcd 
Benefits 


30. 530. 000 
to 

46. 560. 000 


17,230,000 


60,720,000 


1085-2000 
Curaul ative 
Discounted 

Bonof 1 ts* 


131. 220 . 000 
to 

224.670.000 


84,270,000 


300,240, 000 


Totals 
£i>t Imatvd 


2 7,060-i000 


113,460,000 


11.440.000 
to 

44 .120.000 


49, 900, 000 
to 

207, -4 00. 000 


9,260,000 

to 

36;100,000 


52,330,000 
• to 

204 , 050, OOO 


47,760,000 

to 

107, 280,000 


215.490.000 
to 

524 . 910. 000 


^Discount Rato - 10% 


1 


Overall Results, Benefits Due to SEASAT in Marine Transport, 


in 1975 Dollars 


H 

its> 

Co 
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I’orecasts of Trade on U.S. Trade Routes Excluding Liquid Bulk Commodities 

(Imports - in mil. lbs) 


U.S. Atlantic Trade Routes 


Year 

01 

02 

04 

12 

History 

1973 

(S per lb . ) 

4, 575 
. 11 <1 

3 , 609 
. 035 

11,189 
. 280 

9,187 

.095 

Forecast 





1985 

12,505 

4,899 

39,815 

22,143 

1985 

13,505 

4,987 

42,960 

23,582 

1987 

14,586 

5,07 7 

46,354 

25,115 

1583 

15,753 

5,163 

50,016 

26,748 

1989 

17,013 

5,261 

53,967 

23,486 

1990 

18,374 

5,356 

58,231 

30, 338 

1991 

19,844 

5,452 

62,831 

32,310 

1992 

21,431 

5,551 

67,795 

34,410 

1993 

23 , 146 

5,650 

73,151 

36,647 

1994 

24,997 

5,752 

78,930 

39 , 029 

1395 

26 , 937 

5,856 

35,165 

41,565 

1955 

29,157 

5,961 

91,393 

44,267 

1997 

* 31,490 

6 ,068 

99,153 

47,145 

1998 

34 , 009 

6,178 

106,986 

50, 209 

1599 

35,730 

6, 289 

115,437 

53,473 

2000 

39 , 668 

6,402 

124,557 

56,948 

Growth Rate 

Forecast, 

1973-2000 

8.0«. 

1.8% 

7 . 9% 

6.5% 







Forecasts of Trade on U.S. Trade Routes ExcJuding Liquid Bulk Commodities 

(Imports. - in rail, lbs) 




U.S. Morth 

Atlantic Trade Route 

s 

Year 

05 

06 

07 

08 

Etistory 

1973 

(? per lb. ) 

3,567 
. 243 

5 , 387 
. 047 

3,194 
. 223 

6,622 
. 189 

Forecast 





1985 

6,696 

11,017 

6,411 

12,859 

1 1986 

i 

6,915 

11,857 

6,840 

13,682 

1987 

7,141 

12 , 699 

7,299 

14,558 

1988 

7,374 

13,600 

7, 788 

15,489 

1989 

7, 615 

14,566 

8,310 

16,481 

1990 

7,864 

15,600 

8,866 

17,535 

1991 

8,120 

16,708 

9,460 

18,658 

1992 

3,386 

17,894 

10 , 094 

19,852 

1993 

8,650 

19,165 

10,771 

21,122 

1994 

8,943 

20,525 

11,492 

22,474 

1995 

9, 235 

21,983 

12,262 

23 , 912 

1996 

9,536 

23,543 

13 , 0S4 

25,443 

1997 

9,348 

25,215 

13,960 

27,071 

1 1998 

• 10,170 

27,005 

14 , 896 

28 , 804 

1999 

10,502 ' 

28,923 

15,894 

30,647 

2000 

10,845 

30,976 

16,959 

32,609 

Growth Kate 
Forecast , 
1973-2000 

3, 3% 

7.1% 

6.7% 

6.4% 







Forecasts of Trade on U.S. Trade Routes Excluding Liquid Bulk Cororaodities 

(Imports - in mil. Ibsl 



Hictory 

1973 

(5 per lb.) 


3, 067 
. 159 


a, 331 

. 305 


Forecast 


Growth Rate 
Forecast , 
19" 3-2000 


5,651 


30,132 


5,996 


32,844 


6, 361 


35,800 


6,749 


39,022 


42,534 


7,593 


46,362 


3, 061 


50,534 


55, 082 


9,075 


60, 040 


9,629 


65,443 


10,216 


71,333 


10,839 


77,753 


11,500 


84,751 


12,202 


92, 379 


12,946 


100, 693 


13,736 


109,755 
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Forecasts of 

Trade on O.S. 

Trade Routes 
(Imports - 

Excluding Liquid Bulk Connodities 
in mil. lbs) 


U 

S. Atlantic 

Trade Routes 


35 

41 

51 

History 

1973 

{$ per lb.) 

148 
. 052 

2,469 

.121 

1,551 
. 237 

Forecast 




J 985 

264 

6, 861 

3,173 

' ' 1986 

276 

7,355 

3,335 

1987 

'289 

7 , 884 

3,505 

1938 

302 

8,452 

3,684 

1939 

316 

9,061 

3,871 

1990 

331 

9,713 

4,059 

1951 

346 

10,412 

4.276 

1992 

362 

11,162 

4,495 

1993 

'378 

11,966 

4,724 

1994 

396 

12,827 

4,965 

1995 

414 

13,751 

5,218 

1996 

433 

14,741 

5,484 

1997 

453 

15,302 

5,764 

1998 

474 

16,940 

6 , 058 

1999 

495 

18 , 160 

6, 367 

2000 

518 

19,467 

6,691 

Growth Rata 

Forecast, 

1973-2000 

4.6% 

7.2% 

5. 1% 
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Forecasts of Trade on U.S. 

Trade Routes 
(Imports - 

Excluding Liquid Bulk 
in rail . lbs) 

Commodities 


U 

S. South .Atlantic 

and Gulf Trade Routes 

Vear 

11 

13 


16 

17 

Hi s tory 
1?73 

( ? per lb . ) 

4,744 

.034 

4,374 

.135 


3,281 

.062 

3,424 
. 118 

Forecast 






] 935 

6, 215 

6,845 


9,687 

7, 584 

1986 

6,451 

7,132 


10,423 

8 , 168 

1387 

6,696 

7,432 


11,215- 

8, 797 

1988 

6,951 

7,744 


12,068 

9,474 

1989 

7,215 

8 ,069 


12,985 

10,204 

1990 

7,489 

8,408 


13,972 

10,989 

1991 

7,774 

8,7 61 


15,034 

11,836 

1992 

8,069 

9,129 


16,176 

12,747 

1993 

8, 376 

9,512 


17,405 

13,728 

1994 

a , 694 

9,912 


18,728 

14,786 

1995 

9,024 

10,328 


20,152 

15,924 

1996 

9,367 

10,762 


21 ,683 

17,150 

1997 

9,723 

11,214 


23,331 

18,471 

1998 

10,093 

11 ,685 


25,104 

19,893 

1999 

10,476 

12,176 


27,012 

21,425 

2000 

10,374 

12,687 


23 , 065 

23,075 

Growth Rate 
Fcrecas t, 
1973-2000 

3.3^ 

4.2% 


7.6% 

7.7% 





Forecasts of Trade on U.S. Trade Routes Excluding Liquid Biiik Convnodities 

(Imports - in mil'. Lbs) 



His tory 
1'97 3 

( S per lb . ) 
Forecast 

1985 

1986 
1937 

1988 

1989 

1990 

1991 

1992 

1993 

1994 

1995 
] 9.96 
1997 

1996 
19 9 9 
2000 

Growth Rate 
Forecas t, 
1973-2000 



O.S. South Atlantic 

and Gulf Trade 

Routes 

13 

19 

20 

21 

3,343 

11,278 

3,481 

7,779 

, 254 

.057 

.094 

. 093 

7,161 

20 , 290 

9,172 

11,763 

7 , 669 

21,710 

9,942 

12,433 

8,214 

23,230 

10,778 

13,142 

8,797 

24,856 

11,683 

13,891 

9,422 

26,596 

12,664 

14,683 

10,091 

28,458 

• 13,728 

15,520 

10,807 

30,450 

14,881 

16,405 

11, 574 

32,501 

16,131 

17 ,340 

12,396 

34,862 

17,486 

18,328 

13,276 

37,302 

18,955 

19,373 

14 , 219 

39,913 

20,547 

20,477 

15, 228 

42,707 

22,273 

21,644 

16,310 

45,697 

24,144 

22,878 

17, 468 

43,896 

26,172 

24,182 

18,708 

52,318 

28,371 

25 , 560 

20,036 

55,981 

30,754 

27,017 

7.1% 

7.0% 

8.4% 

5.7% 





Forecasts of Trade on U.S. Trade Routes Excluding Liquid Bulk Commodities 

(Imports - in mil. lbs) 




U.S, South Atlantic 

and Gulf Trade 

Routes 

Year 

22 

31 

36 

42 

History 

1973 

(S per lb.) 

6,213 
. 064 

2,914 

.053 

19 

I. V.D. * 

2,304 

.055 

• Forecast 





1935 

14,025 

6,200 

26 

7,333 

1986 

14,895 

6,560 

27 

7,956 

1987 

15,818 

6,940 

28 

8,633 

1988 

16, 799 

7,343 

29 

9, 366 

1989 

17,840 

7,768 

29 

10,162 

1990 

18,946 

8,219 

30 

11,026 

1991 

20,121 

8,696 

31 

11,963 

1992 

21,368 

9,200 

32 

12,980 

1993 

22, 693 

9,734 

33 

14 , 084 

1994 

24,100 

10,298 

34 

15 , 281 

1995 

25,595 

10,395 

36 

16 , 580 

199 6 

27,181 

11,527 

37 

17,980 

1997 

28,867 

12,196 

33 

19,518 

1998 

■ 30,656 

12,903 

39 

21,177 

1999 

32,557 

13,652 

40 

22, 977 

2000 

34,576 

14,444 

4 2 

24 , 930 

Growth Rato 
Forecas t , 
1973-2000 

6.2”, 

5,8% 

3 . 2% 

8.5% 


Insufficient Value Data 


RWEODUCIBIUTy Of THB 
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Forescasts of Trade on U.S. Trade Routes Excludjng Liquid Hulk Coir-nodities 

(Imports - in mil, lbs) 


Year 


U.S. South Atlantic and Gulf Trade Routes 


55 


History 

1973 

{? per lb. ) 
Forecast 


99 

I . V . D . 


1985 

1986 

1987 

1988 

1989 

1990 

1991 

1992 

1993 

1994 

1995 
3 996 

1997 

1998 

1999 

2000 


179 

191 

204 

217 

232 

248 

264 

282 

301 

321 

342 

365 

390 

416 

444 

473 


Growth Rate 

Forecast, 

1973-2000 


6 . 7 % 


Insufficient Value Data 







Pordcasts of Trade on U.S. Trade Routes, F.scludinq Liquid Bulk Commodities 

(Imports - in mil. lbs) 

U.S. Pacific Trade Routes 


Year 

23 

24 

25 

26 

History 

1973 

( ? per lb . ) 

2,610 
. 085 

614 

.089 

2 , 6'? 6 
.078 

2,835 
. oil 

Forecast 





1985 

8,402 

1,631 

4,713 

4,343 

198S 

9,125 

1,778 

4,897 

4,512 

1987 

9,909 

1,938 

5,088 

4,688 

1988 

10,761 

2,112 

5 , 286 

4,871 

1989 

11,687 

2,302 

5,492 

5,061 

1990 

12,692 

2,509 

5,707 

5,259 

1991 

13,784 

2,735 

5,929 

5,464 

1992 

14,969 

2,981 

6 ,160 

5,677 

1993 

16,256 

3,250 

6,401 

3, 398 

1994 

17,654 

3,542 

. 6,650 

6,128 

1995 

19,173 

3,861 

6,910 

6,367 

1996 

20,821 

4 , 209 

7,179 

6,615 

1997 

22,612 

4,587 

7,459 

6,873 

1998 

24,557 

5 , 000 

7,750 

7,141 

1999 

25,669 

5,450 

8,052 

7,420 

2000 

28,962 

5,941 

8, 366 

7 , 709 

Growth Rate 
Forecast , 
1973-2000 

8. 6% 

9 . 0% 

3.9% 

3.9% 
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Forecasts of Trade on (J.S. 

Trade Routes, 
(Imports - in 

excluding Liquid Bulk 
mil. lbs) 

Comaiod i tie s 




U.S. Pacific 
1 

Trade Routes 


Year 


27 

28 


29 

37 

History 

1973 

( S ?sr lb . ) 


1,510 

.159 

1,246 
■ 111 


10,-90 9 
. 243 

Negligible 

Forecast 







1985 


3,690 

1,982 


25 , 005 


1986 


3,926 

2,0-71 


26 , 680 


1987 


4,177 

2,164 


28,468 


1983 


4,445 

2 , 262 


30,375 


1989 


4 , 729 

2, 364 


32,410 


1990 


5,032 

2,470 


34,582 


1991 


5,354 

2, 581 


36,899 


1992 


5,697 

2,697 


39,371 


1993 


6, '061 

2,819 


42,009 


1994 


6,449 

2 , 945 


44,824 


1995 


6,862 

3,078 


47,827 


1996 


7,301 

3,216 


51,031 


1997 


7,768 

3,361 


54,450- 


1998 


8,265 

3,512 


58 , 098 


1999 


8,794 

3, 671 


61,991 


20CO 


9,357 

3,836 


66,144 


Growth Rate 
Forecast , 
1972-2000 


6.4% 

4.5% 


6.7% 
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Forecasts of 

Trade on O.S. 

Trade Routes 
(Imports - 

, Excluding Liquid Bulk 
in mil. lbs ) 

Commodities 



Great 

Lakes Trade Routes 


Year 

32 

33 

34 

54 

History 

1973 

(5 per lb.) 

5,061 
I . V . D . * 

84 

I . V . D . 

326 

I. V. D. 

86 

I . V . D . 

Forecast 





1985 

9,064 

187 

514 

180 

1986 

9, 345 

• 

201 

540 

190 

1987 

9,635 

215 

567 

200 

1383 

9,933 

231 

595 

211 

1989 

10,241 

243 

625 

222 

1390 

10, 559 

266 

656 

234 

1991 

10,886 

285 

689 

247 

1992 

11,224 

306 

723 

260 

1993 

11,571 

329 

759 

274 

1994 

11 , 930 

353 

797 

289 

1995 

12,300 

378 

837 

305 

1996 

12 , 681 

405 

879 

321 

1997 

13,074 

436 

923 

338 

1998 

13,480 

467 

969 

357 

. 1999 

13,898 

501 

1, 018 

376 

2000 

14,328 

538 

1,069 

396 

Grovvtn Rate 
Forecast , 
1973-2000 

3.1% 

7.3% 

5 . 0% 

5.4% 

* 

Insufficient Value Data 
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Routes, Excluding Liquid Bulk 
- in mil. lbs ) 

Commodities. 

U. S . Pacific 

Trade Routes 


43 

5'3 

65 

S3 

120 

1,012 

Q 

> 

H 

I . V . D. 

I.V.D. . 

,132 

,209 

1,458 

,138 

,220 

1,575 

,145 

,231 

1,701 

,152 

, 243 

1,837 

,159 

,255 

1,984 

,167 

, 268 

2,142 

,175 

,282 

2,314 

,183 

, 296 

2,499 

,192 

,311 

2,699 

,201 

,327 

2,914 

, 211 

,344 

3,148 

,221 

,361 

3, 399 

,232 

,380 

■ 3,671 

, 243 

,399 

3,965 

, 254 

,419 

4,232 

,267 

,441 

4,625 

4 . 8% 

5.1% 

3.0% 







Forecasts of Trade on O.S. Trade Routes, Excluding Liquid Bulk Commodities 

(Imports - in mil. lbs) 




Great Lakes 

Trade Routes 


Year 

5 5 

56 

57 

58 

History 

1973 

{$ per lb. ) 

99 

I . V. D. * 

141 

I.V.D. 

Insuf f icient 
Obs erva tion* * 

873 

.033 

Forecast 





1985 

179 

441 


1,146 

1936 

191 

474 


1,188 

1987 

204 

510 


1,232 

1938 

217 

548 


1,276 

1989 

232 

589 


1,325 

1990 

248 

633 


1,374 

1991 

264 

681 


1,425 

1992 

282 

7-32 


1,4 78 

1993 

301 

301 


1,532 

1994 

321 

786 


1,589 

1995 

342 

910 


1,648 

1996 

365 

, 977 


1,709 

1997 

390 

1 , 050 


1,772 

1998 

416 

1,129 


1,833 

1 999 

444 

1, 214 


1,906 

2000 

473 

1,3 05 


1,976 

Growth Rate 

Forecast 

1973-2000 

6.7% 

7.5% 


3.7% 


* 

Insufficient Value Data 

* -k 


Insufficient Observation 










APPENDIX B 


Aggregate Forecasts 
of 

Exports on U.S. Trade Routes, Dry Cargo 



Forecasts of Trade on U.S. Trade 

(Exp 
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Routes, Excluding Liquid Bulk 
orts - in mil. lbs) 

Commodities 

U.S. Atlantic 

Trade Routes 


02 

04 


2,078 

4,533 

9,172 

.111 

.113 

.118 

4,013 

11,875 

28 , 846 

4,258 

12,849 

31 , 240 

4,517 

13,902 

33,833 

4,793 

15,042 

36,641 

5,085 

16,276 

39,682 

5,396 

17,610 

42,976 

5,725 

19,054 

46,543 

6,074 

20,616 

50,406 

6,444 

22 , 307 

54,590 

6,338 

24,136 

59,121 

7,255 

26,115 

64,028 

7,697 

28,257 

69,342 

8,167 

30,574 

75,093 

8,665 

33 , 081 

81,331 

9 ,194 

35,793 

83,031 

9,754 

38,729 

95, 392 

6.1% 

8.2% 

8.3% 
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Forecasts of Trade on U.S. Trade Routes, Excluding Liquid Bulk Commodities 


(Exports - in mil. Lbs) 


■■1 


U.S. North 

Atlantic Trade 

Routes 

■H 

05 

06 

07 

08 

liistory 

1973 

(S per lb.) 

3,299 

.176 

3,825 

.011 

2,569 

.086 

5 , 308 
.228 

Foretas t 





1985 

6,196 

4,768 

6,477 

12,821 

1986 

6,512 

4,99 2 

6,937 

13,500 

1987 

6,844 

5 , 227 

7,429 

14,216 

1988 

7,193 

5,472 

7,957 

14,969 

1989 

7,560 

5,730 

8,522 

15,763 

1990 

7,946 

5,999 

9,127 

16,598 

1991 

8,351 

6,281 

9,775 

17,478 

1992 

8,777 

6,576 

10,469 

18,404 

1993 

9,224 

6,886 

11,212 

19,380 

1994 

9,695 

7,209 

12,008 

'20,407 

1995 

10,189 

7,548 

12,861 

21,488 

1996 

10, 709- 

7,903 

13', 774 

22,627 

1997 

11, 255 

8,274 

14,752 

23,827 


11,829 

8, 663 

15,799 

25,089 

1999 

12,432 

9,070 

16,921 

26,419 

2000 

13 , 066 

9,497 

18,122 

27,819 

Growth Rate 
Forecast , 
1973-2000 

5.-1% 

4 . 7% 

7.1% 

5.3% 
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rorecasts of Trad? on U.S. Trade Routes, Excluding Liquid Bulk Commodities 

(Exports - in mil. lbs) 


U.S. Atlantic Trade Routes 



History 

1973 

( 5 per lb.) 
For Qcas t 

1985 

1986 

1987 

1988 

1989 

1990 

1991 

1992 

1993 

1994 

1995 

1996 

1997 

1998 

1999 

2000 

Growth Rate 
Forecast, 
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Forecasts of Trade on U.S. Trade Routes, Excluding Liquid Bulk Comrnodities 

(Exports - in mil. lbs) 


U.S. North Atlantic Trade Routes 


Year 


C9 


History 


1973 

($ per lb.) 


3,636 

.038 


10 


10,642 
. 126 


Forecast 


1985 

9,610 

22, 789 

1986 

10, 254 

24,247 

1987 

10,941 

25,799 

1968 

11, 674 

27,450 

1989 

12,456 

29,207 

1990 

13, 291 

31,077 

1991 

14,181 

33,065 

1992 

15,131 

35,182 

1993 

16,145 

37,433 

139<! 

17,227 

39,329 

1995 

18,381 

42,378 

1996 

19,612 

45 , 090 

1997 

20,926 

47,976 

1998 

22,329 

51 , 046 

1999 

23,325 

54,313 

2000 

25,421 

57, 790 

Growth Rate 
Fo, -recast, 
1973- 2000 

6.7% 

6.4% 







rori;ca<3ts of TreicJe on U.S. 

Trade Routes/ ExcJudi 
(Kxports - mil. lbs) 

ng Liquid Bulk 

Cor.nodities 



U.S. 

South Atlan 

tic 

and Gulf Trade 

Routes 

Year 

11 


13 


16 

17 

His tory 
1973 

($ per lb,) 

4, 033 
. 143 


18,740 

.114 


2.601 
. 095 

4,460 
. 236 

roreoas t 







1935 

6,343 


34 , 115 


6,202 

9,261 

1986 

6, 597 


35,684 


6,711 

9,909 

1987 

6,861 


37,326 


7,261 

10,603 

1988 

7,135 


39,043 


7,856 

11,345 

1989 

7, 420 


40,839 


8,500 

12,139 

1990 

7,717 


42 , 717 


9,197 

12 , 989 

1991 

8,026 


44 , 682 


9,952 

13,896 

1992 

3 , 347 


46,738 


10,768 

14,871 

1993 

8, 681 


48,888 


11,651 

15,912 

1934 

9, 028 


51,136 


12,606 

17 ,026 

1995 

9, 389 


53,489 


13,640 

18 , 218 

1996 

9,765 


55,949 


14,758 

19,493 

1997 

10,155 


58,523 


15,968 

20,857 

1998 

10,562 


61,215 


17, 278 

22,318 

1999 

10,934 


64 ,031 


18,694 

23,880 

2000 

11,423 


66,976 


20,227 

25,551 

!3to^/lh Rate 
Toroca St , 
1973-2000 

4.0% 


4 . 6% 


3.2% 

7.0% 
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Forecasts of Trade on 

Ti acio Ro u t.r s , 
(Hxpor ts - in 

rxciuding Liquid Bulk 
mil . Lbs) 

Cominodit: es 



U.S. SoviLli Atlantic 



Year 

10 

19 


20 



9,057 
.27 1 

13,296 

.044 


6, 208 
.079 

24 , 340 
.073 

Forecast 






1935 

19, 300 

32,938 


15,877 

49,435 

19G(3 

20,439 

35,531 


17,147 

51,857 

19S7 

21, 645 

38,444 


■ 18,519 

54', 398 

1933 

22,922 

41,597 


20,000 

57,064 

1989 

24,274 

45 ,008 


21 , 600 

59, 860 

1990 

25,706 

48 , 698 


23, 328 

6'2, 79 3 

1991 

27 ,223 

52, 691 


25,195 

65,870 

1992 

28 , 829 

57 , 012 


27,210 

69,098 

1993 

30,530 

61,687 


29,387 

72,483 

1994 

32,331 

66,745 


31,738 

76,035 

1995 

34,239 

72,219 


34,277 

79,761 

1996 

36,259 

73,141 


37,019 

83 , 669 

1997 

38, 398 

84,548 


39,981 

87, 769 

1998 

40,663 

91,481 


43,179 

92 ,069 

1992 

43,063 

98,982 


46,634 

96, 58L 

2000 

45,603 

107,099 


50,364 

101, 313 

Growth Rate 
Porccas t, 
1973-2000 

5.9% 

8.2% 


8.0% 

4*9% 
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Poi ecasts of 


History 

1973 

($ per lb . ) 
Forecast 

1985 

1936 

1937 

1986 

1989 

1990 

1991 

1992 

1993 

1994 

1995 

1996 

1997 
199S 

1999 

2000 

Growth Rate 
Forecast, 
1973- 2000 


Trade on U,S. Trade Routes, E'^cluding Liquid Bulk Commodities 
(exports - in mil, lbs) 



U.S. South Atlantic and Gulf Trade 

Routes 

22 

23 

31 

36 

15,364 

310 

2,494 

164 

.143 

, 203 

. 200 

I. V. D. * 

25,942 

,957 

5,570 

288 

27,862 

1,048 

5,926 

300 

29,923 

1, 14.7 - 

6, 306 

312 

32,138 

1,256 

6,709 

325 

34,516 

1,375 

7,139 

338 

37,070 

1,506 

7,596 

352 

39,813 

1,649 

3,082 

366 

42,759 

1,806 

8,599 

381 

45,924 

1,977 

9 , 149 

397 

49,322 

2,165 

9,735 

413 

52,972 

2,371 

10, 358 

430 

56,892 

2,596 

11,021 

448 

61 , 102 

2,842 

11,726 

466 

65,623 

3,113 

12,477 

486 

70,480 

3,408 

13,275 

505 

75,695 

3,732 

14,125 

526 

7.4% 

9.5% 

6.4% 

4.1% 


* 


Insufficient Value Data 
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Forecasts of Trade on U.S. Trade Routes, Excluding Liquid Bulk Commodities 

(Exports - in mil. lbs) 


U.S. South Atlantic and Gulf Trade Routes 



42 

His tory 
197 3 

($ per lb.) 

757 

.419 

Forecast 


1985 

3,729 

1986 

1,850 

1987 

2,002 

1980 

2,154 

1989 

2, 318 

1990 

2,4 94 

1991 

2,683 

1992 

2,887 

1993 

3,107 

1994 

3,343 

1995 

3,597 

1996 

3,370 

1997 

4 , 164 

1998 

4 , 481 

1999 

4,821 

2000 

5,188 

Grow til Rate 
Forecast, 
1'973- 2000 

7 . 6% 







Forecasts of Trade on U.s 

Trade Routes, 
(Exports - in 

Excluding Liquid Bulk 
mil. Lbs] 



U.S 

. Pacific Trade Routes 

Year 

27 

28 

29 

His*-ory 

1973 

($ per lb. ) 

1,928 

.124 

4,440 

.115 

17,150 

.255 

Forecast 




1985 

4,780 

6,871 

58,678 

1986 

5,186 

7,208 

63,900 

1987 

5,627 

7,561 

69,587 

1988 

6,105 

7,931 

75,781 

1989 

6,624 

8,320 

82,525 

1990 

7,187 

8,728 

89,870 

1991 

7, 7,98 

9,155 

■97,868 

1992 

8,461 

9,604 

106, 579 

1993 

9,180 

10,074 

116,064 

1994 

9,961 

10,563 

126,394 

1995 

10,807 

11,086 

137,643 

1996 

11, 726 

11,629 

149,893 

1997 

12,723 

12,199 

163,234 

1998 

13,804 

12,797 

177,761 

1999 

14,978 

13,424 

193,582 

2000 

16,251 

14,082 

210, 811 

Growth Rate 

Forecast, 

1973-2000 

8. 5t 

4.9% 

8.9% 


Commodities 


Negl iyiblo 



168 


Forecasts of Trade on U.S. Trade Routes, Excluding Liquid Bulk Commodities 
. (Exports - in mil. lbs) 



Growth Rata 
Forecast , 
1973-2000 
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rocccQsts of Trade on U«S. Trade Routes, Excluding Liquid 

(Exports - xn mil. lbs) 

Bulk Commodities 


Groat Lakes 

Trade Routes 


Year 

32 

33 

34 

History 

1973 

(S per lb . ) 

8,533 
. 025 

423 

I. V, D. * 

3,206 

I . V . D . 

Forecast 




1985 

14,572 

1, 310 

6,274 

1986 

15,140 

1,442 

6 ,701 

1987 

15,731 

1 , 583 

7,156 

1988 

16, 344 

1,748 ■ 

7,643 

1989 

16,982 

1,925 

8,163 

1990 

17,644 

2,119 

8,718 

1991 

18,332 

2,333 

9,310 

1992 

19,047 

2, 569 

9,944 

1993 

19,790 

2,829 

10,620 

1994 

20,562 

3,114 

11,342 

1995 

21,364 

3,429 

12,113 

1996 

22,197 

3,775 

12,937 

1997 

23 , 062 

4,156 

13,816 

1998 

23,962 

4,576 

14,756 

1999 

24,896 

5,038 

15,759 

2000 

25 , 867 

5,547 

16,831 

Gro'.'th Rare 
"or ecas t , 
1973-2000 

3.9% 

10.1% 

6.81 

Insufficient Value Data 




170 


Forecasts of Trade on U.S. 

Trader Routes, DxcludtiKi 
[Exports - in mil. lbs) 

Liquid Bulk 

Commodi ties 



U. S . 

South Atlantic and 

Gulf Trade 

Routes 


22 


23 

31 

36 

History 
197 3 

($ per lb.) 

IS, 364 
. 148 


310 
. 203. 

2,494 
.■2 CO 

36 

I . V . D . * 

Forecast 






1985 

25,942 


957 

5,570 

288 

1,986 

27 ,862 


1,048 

5,926 

300 

1987 

29,923 


1,147 

6,306 

312 

1938 

32,138 


1,256 

6,709 

325 

1989 

34,536 


1,375 

7,139 

338 

1990 

37 ,070 


1,506 

7., 596 

352 

1991 

39,813 


1,6'49 

8,082 

366 

1992 

42,759 


1,806 

3,599 

381 

1993 

45,924 


1,977 

9,149 

397 

1994 

49,322 


2,165 

9,735 

413 

1995 

52,972 


2,371 

10, 358 

430 

1996 

56,892 


2 ,596 

11,021 

448 

1997 

61, 102 


2,842 

11,726 

466 

1998 

65,623 


3,113 

12,477 

486 

1 999 

70,480 
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Trade Routes of the U.S.* 

Trade Route 

1973 

Number 

Description 

0100 

U. S. Atlantic/East Coast Soulh America 

0101 

U. S. Atlantic/Brasil 

0102 

U , S , At 1 ant i c / Uruniay 

0103 

U, S . ' Atlantic/.irgentina 

0200 

U. S, Atlantic A7est Coast South America 

0201 

U. S. Atlantic/Colombia (Nest Coast) 

0202 

U. S, Atlantic Ecuador 

0203 

U. S. Atlantic/Peru 

0204 

U, S. Atlantic/Chile 

0400 

U. S. Atlantic/CariVoean (incl. Cristobal), East Coast Mexico 

0401 

U. S. Atlantic /Mexico (East Coast) 

0402 

U. S. Atlantic /Coj.onbia (Carib.) 

o403 

U. S. Atlantic/Venesuela 

0404 

U. S. Atlantic /T'letherlands Antilles 

0500 

U. S. North Atlantic/United Kingdom, Ireland (Eire) 

OoOO 

U. S, North A,tlantic/Scandina/ia and Baltic (incl. Nlfd. , 


Greenland & Iceland) 

OTOO 

U. S. North Atlantic /West Gemiany (North Sea) 

0800 

U, S. North Atlantic/!!etherla.nis, Belp-ium 

0801 

U. S. North Atlantic /Netherlands 

0302 

U. S. North Atlantic/Belaium 

0900 

U, S. North Atlantic /France (Atlantic), Soain (IT. of Fortu^’al) 

0901 

U. S. North Atlantic /France (Atlantic) 

0902 

U. S. North Atlanta c/Snain of Portugal) 

1000 

U. S. North A.tlantic/Kediterranean, Black Sea, Portugal, 


Spain (South of Portugal). Morocco, and Azores 

1001 

U. S. North Atlontic/France (Med.) =. 

1002 

LJ. S, North Atlantic /Suain (S.E. of Portugal 5; Hed.) 

1003 

U. S. North -Atlantic /Portugal 

1004 

U. S. North Atlantic/Italy 

: 1005 

U. S. North Atlantic /Yugoslavia 

iog8 

U. S. North Atlantic/Greece 

1007 

U. S. North A.tlantic /Turkey 

1008 

U, S. North Atlantic/Syria 

1009 

U. S. North A.tlantic/Lebanon 

1010 

U. S. North Atlantic/Israel (Med. ) 1011 

1011 

U. S. North Atlantic/FgyDt (i'ed.) 

1012 

.U. S. North Atlantic/Libya, Tunisia, Algeria, Morocco 



Maritime Administration Office of 
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Trade Routes of the U.S* 

Trade Route 

1973 

Number 

Description 

1100 

U. S. South Atlantic /United Kingdom and Ireland 

1101 

("ire)j Continental Eirrone North of Portu?;al 

U. S. South A.tlantic/United Jlineidom, Ireland (Eire) 

1102 

U, S. South A.tla.ntic/Snain (N. of* Fortunal) 

1103 

U. S. South Atlantic/ France (Atlantic) 

IloU 

U. S. South .Atlantic /Belgium. 

1105 

U. S. South Atlantic /Netherlands 

110b 

U. S, Soutfi Atlantic /'dent Sevm 3 :ny (JTorth Sea.) 

HOT 

U. S. South Atlantic /Scandi-iavia and Ba.ltic 

1200 - 

U. S. Atlantic /Far East 

1201 

U . S . Atlant i c / J aoan 

1202 

U. S. Atlantic /Penublic of Korea 

1203 

U. S. Atlantic /Okinawa. 

1201^ 

U. S. Atlantic /Taiwan 

1205 

U. S, -Atlantic /Hone Kons 

1206 

U. S. -Atlant ic/Philinnines 

1207 

U. S. -Atlant ic/South Vietna,m 

1203 

U. S. Atlantic/Thailand 

1300 

U, S. South Atlantic and Gul.f /Mediterranean, Black Sea, 
Portugal, Spain (South of Portugal), Morocco,-- and -Azores 

1301 

Li, S. Souuh Atlantic and uulf/France (Med.) 

1302 

U. S, South A.tlantic and Gulf/Snain (S.E. of Portugal 
and (Ked.) 

1303 

U. S. South Atlantic and QuLf /Portugal 

1304 

U. S. South Atlantic and GuLf /Italy 

1305 

U. S. South Atlantic and Gul.^ /Yugoslav! a. 

1306 

U. S. South Atlantic and GuLf/Greece. 

1307 

U. S. ■South A.tlantic and Gu’Lf/Turkey- 

1308 

Li, S, South .Atlantic and GuLf/Syria 

1309 

U. S. South Atlantic and Gulf /Lebanon 

1310 . 

U. S, South A-tlantic and Gu’.f/Israel (’''ed.) 

1311 

U. S. Sourh A.tlantic and C-ulf/Pa^.’T't (Med.) 

1312 

U. S, Soxith Atlantic and G^lf/L.lb■'^'^ , Tunisia, -Al<?eri?,, I-'oiocco 

4100 (14-1.00) 

U. S. A.tlanric (Service l)/West Avfrica, Cana.r'''’ Is., Cape 
Verde Is., snd Uedeira Is. 

4101 (14-1.01) 

U. S, .Atlantic/Senegal tbrov-i-h Ivorv Coest 

4102 (14-1.02) 

U. S. Atlantic/^hana. threu'^h Ca"’eroon 

4103 (14-1.03) 

U. S. Atlantic /Senator ia3 Guinea through .Angola 


*Maritime Administration Office of Marker Development 
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Trade Routes of the U.S.* 

Trade Route 

1973 

Number 

Description 

U200 (lU-2.00) 

U. S. Gulf (Service 2) /Nest Africa, Canarv Is., Cape Verde 
Is., and Madeira Is. 

li201 (lU-2.01) 

U. S. Gulf /Senegal through Ivory Coast 

1^202 (lii-2.02) 

U. S. Gulf /Ghana through Cameroon 

!i203 (iH-2.03) 

U, S. Gulf/Equatorial Guinea through Angola 

1+300 (11+-3.00) 

U. S. Pacific/West Const Africa, Canar^'’ Is., Cane Verde 
Is,, and Madeira Is. 

5100 (15-A.OO) 

U, S, A.tlantic /South A East Africa, Mala.casy Ret., St. Helena, 
Ascension Is. 

5101 .(15-A,01 

U. S, Atlantic /Pep, of S. Africa 

5102 (15-A.02 

U. S. Atlantic /Mozanbi one 

5103 (15-A.03 

U. S. Atlantic /Tanzania, Henva 

5101+ (15-A,04) 

U. S. Atlantic /Malagasy Hen. 

5200 U5-B.00) 

U. S, Gulf /South & Past Africa, Malagasy Pen., St. Feler.?., 
Ascension Is. 

5201 (15-B.Ol) 

G, S. Gulf /Ken. of S. Africa 

5202 (15-3.02) 

U, S,- Gulf/Hozaa-bicme 

5203' (15-3.03) 

U . S . Gulf /T.anzand a , ?renva 

5201+ (15~B.01+) 

U. S. Gulf /Halaeasy Ren. 

5300 (15-0.00) 

U, S, Pacific/South & Ea.st Africa, Malagasy Renuelic, 
St. Helena, Ascension Is, 

loOO 

U. S. A.tlantic, Gulf /Australia 

l6oi 

U. S. Atlantic, Gulf/A.ustralia 

1602 

U, S, Atlantic, Gulf/Nev Zealand 

ITOO 

U. S. Atlantic, Gulf, and Pac if: c /Indonesia, Malaysia, 


Sinsranore 

1?01 

U. S. Atlantic /Indonesia 

1702 

U. S. Gxilf/ Indonesia 

1703 

U, S. Pacific /Indonesia 

I 70 I+ 

U. S. Atlantic /Malaysia 

1705 

U. S. Gulf /Malaysia 

1706 

U, S. Pacific/?''alaysia 

1707 

U , S , Atlant ic /S inranore 

1708 

U. S. Gulf/Sing3.nore • 

1709 

U. S. Pacific /Si naanore 

1800 

U. S. A.tlantic, Gulf/India, Pakistan, Cevlon, Burma, Persian 
Gulf, Gulf of Aden, Red Sea 

1601 

U. S. Atlantic, Gulf /India 

1802 

U, S. Atlantic, Gulf /Pakis■^3n 

*Maritime Administration Office of Market Development 
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Trade Routes of the U.S.* 

Trade Route 

1973 

Number 

Description 

i 

1803 

U. S. Atlantic, Oulf/Oevlon 

1900 

U. S. Gulf /Carihtean (incl. Cristobal), Fast Coast ^'exico 

1901 

U. S. Gulf/!'exico (East. Coast ) 

1902 

U.' G. Gulf /Colombia (Carib.) 

1903 

U. S, Gulf/Venezuela 

190U 

U. S, Gul'^/letherlands Antilles 

2000 

U, S. Gulf /Fast Coa.st South 'j^erica 

2001 

U. S. Giaf /Brazil 

2002 

U. S, Gulf/Uruaiuary 

2003 

U. S. Gulf /Argentina 

2100 

U. S. Gulf /United Kinrdom and Ireland (Fire), Continental 
Europe North of Portuo-al 

2101 

U. S. Gulf /United Kingdom, Ireland (Fire) 

2102 

U. S., Gulf/Spain (N. of Portnaal) 

2103 

U. S. Gulf/France (Atlantic) 

2104 

U. S. G-olf/Helniun 

2105 

U. S, Gulf /Netherlands 

2106 

U. S. Gulf/Nest German'''’ (North Sea) 

2107 

U. S. Gulf /Scandinavia and Baltic 

2200 

U, S. G'ulf/Far East 

2201 

U , S , Gulf / J anan 

2202 

U. S. Gulf/P.ep.cf Norea 

2203 

2204 

U, S. Gulf/Okinax/a 

U. S. Gulf/Taivan 

2205 

U, S. Gulf /Hon u Kons 

220C 

U. S. Gulf/Phili-onines 

2207 

U. S. Gulf/Sou'oh Vietnam 

- 2?08 

•U. 3 . Gulf /Thailand 

- 2300 

U, S. Pacific /Caribbean (Incl. Crisuoba. 1 ) , East Coast '••srico 

2301 

U. S. Pacific/Colorbia ( Carib.) 

2302 

U. S. Pacific /Venezuela 

2400 

U. S. Pacific/Fast Coast South America 

2401 

U, S. Pacific /Brazil 

2402 • 

U. S. Pacific/Uru^ruay 

2403 

U. S, Pacific/AjTf'netina ' 

2500 

U. S. Pacifio/t'est Coast South America, Central America 
and Mexico, Canal Zone (V.C.) 


*Maritime Administration Office of Market Development 
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Trade Routes of the U.S.* 


Trade Route 
Number 

1973 

Description 

2501 

U. S. Pacific /Mexico , vf. Coast Central America, Canal 


Zone (W.C.) 

2502 

U. -S. Pacific/Colorabia (Vest Coast) 

2503 

U. S. Pacific /Ecuador 

2504 

U, S, Pacific /Peru 

2505 

U, F), Pacific/Chile 

2600 

U. S. Pacific, Favaii, Mask a /United Kingdom and Ireland 
(Eire), Continental Euroue Month, of Portugal 

2601 

U. S. Pacific, Havaii, Alaska /Uni ted Kir-vdom, Ireland (ELre) 

2602 

U. S. Pacific, Havaii, Ala.s'ka/Rrain (¥. of Portii,?al) 

2603 

U, S. Pacific, Havaii, Alaska/Prance (Atlantic) 

2604 

U. S. Pacific, Havaii, Alash-’/Hsl.T: urn 

2605 

U. S, Pacific, Havaii, Masks’ ./petherlends 

2606 

U, S, Pacific, Havaii, ./'las-Ta./’-est Germany North fio"’) 

2 i 5 ot 

U. S. Pacific, Has-ari, Alasha/Pcandinavia c.nd Baltic 

6500 (26-C.OO) 

U. S. Pacific , /ileaiterranep.n , Black Sea, Portuc-tl, Hrain 
(South of PortufraJL), Morocco,, and Aaores 

6501 (26-G.Ol) 

U. S. Pacific/France (Pfed. ) 

6502 (26-0.02) 

U. S. Pacific/Spain (S.E. cf Portugal & Med. ) 

6503 ( 26 - 0 . 03 ^ 

U. S, Pacific/Portugal 

650 ii (26-0. Olj) 

U. S. Pa'cific/Italy 

6505 ( 26 -C. 05 ) 

U. S. Pacific/Yugoslavia 

6506 ( 26 - 0 . 06) 

U. S. Pacific/Greece 

650 ? ( 26 - 0 . 07 ) 

U, S, Pacific/Turkey 

6508 (26-C.O8) 

U. S. Pacific/Syria 

6509 (26-0.09) 

TJ.. S. Pacif ic/LebarLon-, 

6510 (26-C.lO) 

U. S. Pacif ic/Israel (Med.) 

6511 (26-c.ll) 

U. S. Pacific/Egypt (Med.) 

6512. (26-G.12) 

II. S. Pacific/Hawaii Tunisia, Algeria, Morocco 

2700 

U. S. Pacific, Hawaii/Australia 

2701 

U. S. Pacific, Hawaii/Australia 

2702 

U. S, Pacific, Hawaii/Mew Zealand 

2800 

U. S. Pacific/India, Pakistan, Geylon, Burma, Persian 
Gulf, Gulf of Men, Red Sea 

2801 

U. S. Pacific/India 

2802 

U. S. Pacific/Pakistan 

2803 . 

U. S, Pacific/Ceylon 


*Mar i t ime Administration Office of Market Development 
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Trade Routes of the U.S.* 

Trade Route 

1973 

Number 

Description 

5500 

U. 3. Great Lakes, ^ar East 

6000 . 

U. S. Great Lakes/Australasia 

7100 

U. S. AtlanticA'fest Coast Central America and Mexico 

7200 • 

U. S-, GulfAvest Coas-t. Central. America and Mexico 

7700 ' 

U, S'. A,tlantic/Pacific Canal Zone 

7800 

U. S. Gulf /Pacific Canal Zone 

8000 

U. S. Great Lakes Afest Coast South America, Central America 
and Mexico 

8100 

U. S. Atlantic/Atlantic Canada 

8200 

U. S. Gulf /Atlantic Canada 

8300 

U. 3. Pacific/A.tlantic Canada 

81(00 

TJ. S. Great Lakes/East Coast South America 

8500 

U. S. Atlantic/Pacific Canada 

8600 

TJ. S. Gulf/Pacific Canad a 

8700 

U. S. Pacific Canada 

8900 

U. S. Great Lakes /Atlantic Canada 

9100 

U. S, Rico/Foreign - Virgin Is lands /Foreign Hawaii/A'oreign 
(Except T.R. - 2600, 2700,2900, and their siobdi visions ) 

9300 . 

AlasI' a/Foreign (Except T.R. - 2600, 2900, and their 
subdivisions ) • 

6100 

U, S. Great Lakes/Graat Lakes .Canada (TransLakes) 


*Maritime Administration Office of Market Development 


Essential Trade Rou-tes- . 

0100 through 1(200 (ll(-2.00) 
5100 (15-A.OO & 5200 (15-B,00) 
1600 through 2600 
2700 through 3i(00 


Note; Trade route subdivisions carry munbers ending in other than 00 
(e.g. ^ 0101 U. S. Atlantic/Brazil). 





APPENDIX F 

Casualty Costs-by Cause, by 
Vessel Type, by Location 
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Damage Survey Analysis 
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UNI.TEO STATES SAl.VAOE ASSOC I AT ION, _I.NC 

'“'damage survey ANALYSIS 

BY ALLSCSC CAUSE, CASUALTY LOCAT ION AND_yE^S_S£L_JYPE 
JANUARY 1971 TC DECEMBER 197A 


VESSEL type. 


NUMBER 

OF CASUALTIES 


TOTAL AC.TUAL REPAIR. TIME 

repair' COSTS FOR AFFtCTEO ELEMENTS 


GROUNOJ.MGS 

CANADA PACIFIC 


7. BULK CARRIER.S 


US PACIF IC 


2- GENERAL 
3. TANK SHI. PS 

'“tank ships 

BULK CARRI 
BULK CARRI 


A . 

_7. 

tl. 

12 . 

17. 

19- 


RAILROAO 


PR 

1 

17,000 

3 

rAAIIMTY t OfAT ION TOTALS 

1 

17,000 

3 



.RGO ShTpS 

1C 

3 

A 87, 2 00 
AA ,900 

85 

B 


3 

•173,700 

17 

PP c; 

10 

7AA,200 

81 

EPS - or'e7oil 

2 

565,000 

37 

'r.ARon RHi.PS 

1 • 

• 13,500 

2 

;AR FERRIES 

1 

23,700 

10 

ll ERS 

1 

71,700 

3 

' CASUALTY LOCATION TOTALS 

31 

2,123,900 

2A3 


PACIFIC CAL. TO PANAMA 




2 . 

A. 

■‘ 7 . 

13. 


GENERAL CARGO SHIPS 
TANK SHIPS 
' BULK 'carriers' “ 

CONTAINER SHIPS t £ XC LUS I V6 LY ) 


6 2 5 1 , A 00 

1 AO, 500 

'2 “ “ 160", OOO' 

1 162,000 


CASUALTY LOCATION TOTALS 


10 


613,900 


39 

6 

11 


68 


PACIFIC south AMERICA 


2. general cargo ships' 

7. BULK CARRIERS 

.3 

606,900 

563,700 

9A 

36 


■" 'i2 .' containek/carc'o ships 

13. CONTAINER SHIPS (EXCLUSIVELY) 

1 

1 

■ AO.OiOQ 

2A ,000 

5 

4 

-l-i 

CASUALTY LOCATION TOTALS 

19 

1,23A,600 

139 

1-* 






"SOUTh't'I.'^'OF south AMERICA 





A. TANK ships 

1 

6,643,200 





UNITCO sr^rES salvacf association, inc. 

DAMACe SUKVCy ANALYSIS 

BY ALLECSC CAUSE, .CASUALTY LOCATION, AMO VESSEL .TYPE 
JANUARY 1971 TO DECEMQeR 197A 


VESSEL TYPE _ _ . 

^..NUKCCR „ _ 

OF CASUALTIES 

_ .TOTAU..ACTUAL REeA.IR .J.fKE 

REPAIR COSTS FOR AFFECTED ELEMENTS 


' ' CASUALTY'LOCAf IOn’VoTALS '' 

I 

6,6A3,200 


.. ATLANTIC SOUIH AMERICA 


1- 

GENERAL CARGO SHIPS 


1 

75.700 

10_ 


2* 

GENERAL CARGO SHIPS 


ll 

471 ,900 

06 


3. 

TANK SHIPS 


1 

22,000 

10 


A. 

TANK SHIPS 


9 

535,500 

72 


7. 

bulk carriers 


18 

1,042,900 

173 


b. 

BULK CARRIERS - ORE/CiL 


5 

180,600 

23 


9- 

BULK CARRIERS - SELF-UNLOAOERS 


2 

57,000 

16 



CASUALTY location 

TOTALS 

A 7 

2,385,600 

400 









GULF and' 

CARRI5BEAN 






1, 

general cargo ships 


3 

3,333,200 

66 


2. 

GENERAL CARGO SHIPS 


27 

2,217,800 

249 


3- 

TANK SHIPS 


. 6 

365,300 

29 


A. 

TANK SHIPS 


AS 

3,419,200 

32 • 


6. 

TANK SHIPS 


1 

32,700 

2 


7, 

BULK CARRIERS 


55 

5,501,000 

453 


8. 

BULK CARRIERS - ORE/OIL 

' 

3 

132,400 

17 


9. 

BULK CARRIERS - SELF-UNLOAOERS 


10 

801,400 

90 


iO- 

SULK chemical carriers 


6 

397 ,600 

50 


12, 

COMIAINSR/CARGO SHIPS 


2 

947.200 

27 


13 . 

container ships IEXCLUSI VELY) 


2 

434,600 

16 


15. 

REFRIGERATED CARGO SHIPS 


1 

25,300 

3 


16. 

PASSENGER SHIPS 


1 

10,900 

3 



casualty' location' 

TOTALS 

166 

17,647,100 

1,321 


SOUTH ATLANTIC US TIP 






2, 

GENERAL CARGO SHIPS 


2 

676,900 

37 


- 

TANK SHIPS 


' ' 2 ' 

770,900 

15 

t-> 

7. 

SULK CARRIERS 


• 2 

90,300 

15 


“16.' 

PASSENGER SHIPS'” 


■ 1 

28,100 

6 



73 


casualty 'locatiqnTotals ■ 


7 


"I’; 5 76'; 2 06' 



UNITED STATES SALVAGE ASSOCIATION, INC. 

damage survey ANALYSIS 

BY ALL_EG_EC__CAUSE,„ CASU ALJLY. J-OCAT IQN ,_AN0_^. SEL TYP E 
JANUARY 1971 TO DECEMBER 197A 


VESSEL.. TYPE 


number 

OE CASUALTIES 


total ACTUAL 

REPAIR COSTS 


REPA1R_T.IME 

FOR AFFECTED ELEMENTS 


, SOUTH .ATLANTIC. US 

2 .. general r.ARr.n ship s — ^ 

* 3, TANK SH I PS ^ 

A. TANK SHIPS 

7. BULK CARRIERS f 

9. BULK CARRIERS -..SELF-UNLOAOERS i 

11 , liquid gas ca’rri'ers 

y . CO NTAINER SHIPS {EXCLUSIVELY) L 

CASUALTY LOCATigN_TQTALS 20 


562., I.OP., 
96 , 2 bb 
302,700 
38,100 
5A,000 

“29, Too' 
50.000 


A 9 
35' 
31 
lb 
5 

■“6 

2 


1,132,400 


lAO 


us' NORTH ATLANTIC' 

2'r “g E N ERA L ’ C A lie o' SH I p's . 

3. TANK SHIPS 

tank SHIPS ■ 

7. BULK CARRIERS 

“''3. BULK CARRIERS -'ORE/QIL ^ 

9. BULK CARRIERS - SELF-UNLOAOERS .1 

loV BULK’CHE Ml CAL 'CARRIERS • ‘ 

12. container/cargo ships V 

13.”'C0NTAINER SHIPS' (EXCLUSIVELY! ' 

15. REFRIGERATED CARGC.^SHI PS J. 

" ■ ' 16. ' PASSENGER ShIPS ^ 

cTsTTal r yT'o'ca riorTTo T Ai^~ 7 1 


2 7 9, ''5 00 
_367,800 
'2,375,' 7 b'o' 
_726,900 
"80,4 00' 

88,000 

fi'a .'3 bo' 
__786,100 
1, 446^6 00' 
57,600 
3",B'00' 

6 , 3“30T7'bb' 


49 

38 

317' 

92 

T2' 

18 

63 

133' 

3 

'“'l' 

"TV? 


CANADA PACIFIC 

2, GENERAL CARGO SHIPS 

4. 'tank SHI PS 

9-_BULK.CARRI.£RS.-„SELF-UNL0ADERS_. . 

CASUALTY LOCATION TOTALS 



18.400 
■ 36,100" 
86,500_ 

141 ,000 


6 

'5 

6 


17 



ST,' LAWRENCE SEAWAY 

2. GENERAL CARGO SHIPS 


513,500 


50 


BY 


UNITED STATES SALVAGE AS SOC I AT TON , . IN 
DAMAGE SURVEY ANALYSIS 
ALLEGEC. cause, casualty LOCATION, AND .VE 
JANUARY 1971 TC OECCHDER 197A 


SEL_TYP£. _ 



TOTAL ACTUAl BEPMR TIME.... 

OF casualties 

REPAIR COSTS POP AI-F£CltU ELtMbNI i 

A 

1,261,300 51 

7. BULK CARRIERS ' 

7A2.000 

73,900 20: 

CASUALTY location TOTALS 16 

?, . 6 1 0 . 7 00 22A 



GREAT LAKES 


2- GENERAL CARCO"ShTrS ^ 

39,000 ^ 

139, AOO 1'^ . 

7. BULK CARRIERS 

762, AOO "^2 

' “ ■'16- PASSENGER SHIPS ^ 

23, boo ^ 

CASOaCtY LOCATION TOfALS 31 

W-663,6Cb 190 

- — 




A- TANK SHIPS " ^ 

" " 1,041,800 11“^ 

2,695,900 . 123 

7. BULK CARRIERS — — — x 

‘"IBV’CCI.NTA i NER SHIPS 1 E XC LUS I VE L Y ) 

193,000 12 

- CASUALTY LOCATION T'OTALS 16 

~ 3,971,600 256 





CASUALTY LOCAT ICN TOTALS , 1. 

134,300 .? 

'UALTIC'SEA 

2. general cargo SHIPS ^ 

A. TANK SHIPS _ - . ' ■ • in ' ■ 

7. bulk carriers ■ 



297,800.*" 10” 

447,500 04 

■ 745,800" 108 

• — CASUALTY LOCATION TOTALS 16 

1, ‘491, 100 202 




viccT rriACT ne Pilftnpc 


kSSEL TYPE. 


2. GENERAL CARGO SHIPS 
4. .TANK SIMPS 
7. BULK CARRIE 
_l2.i,.CONTAINER./C 

n. "container 


RS 

ARGO SH IPS 


SN 


_EyAQ.Pi. J_t) E D.I -T.C R„r 


4 , 

7. 


AFRICA, HEDITER. 


3. TANK SHIPS 

4. TANK SHIPS 


WEST AFRICA 


2. GENERAL CA: 
4. TANK SHIPS 
"7. BULK CARRI 

15. refrigerate 


TIP OF AFRICA 


4. TANK SHIPS 


UNITED. STATES SALVAGE A S SDC I AT I ON , .1 NC 

CAHAGE SURVCV ANALYSIS 

BY ALLEG5C CAUSE, CASUALT.Y J OC AT I.ON 

' "JANUARY 1971 TO DECEflBER 1974 


number 

6 f”"casualties 


TOTAL. ACTUAL 

REPAIR COSTS 


REPAIR. T.IME 

’"FOR"kFECTED ELEMENTS 


__ - 93,800 

q 541,400. 

5,240,300 

, 61,800 


iT'pS (EXCLUSIVELY! 

■ c ASUALTY’ToC AT i 6 n“tCT ALS 


388,300 


24 

T: 

47 

6 

34 


26 


6,325,600 


190 


2. GENERAL. CA'^GO..SHl..PS 

'tank SHIPS 
BULK CARRldR„S. 

“a. SULK CARRI3RS - ORE/OIL 
19. BARGE .C.A_RRiEAS„ 


6 2 07,100 

9,839,300 

q 736,000 

“4 ~ " 390,000 

1 75, 3 00 


36 

'I'afl" 

■“37 

5 


CASUALTY LOCATlQN_TgTALS. 


J:ii2 57,7gO 35_1 


-j[ ' 62,4 00 

1 L15*?.P9 


-CASUALTY .LOC AT I ON_TOJ.AL^ 


2 111.1692. 


10 

_9_ 

19 


^GO SHIPS 


:-RS 

0 CARGO SHIPS 


"2 95,500 

I 86,100 

- 3ia,ebo' 

I 3,300_ 


15 

6 

■24" 

3 


casualty location totals 


7 . 50?; 700 


40 


10 

!-■ 

'Ul 


casualty locat ion 'totals 


128,900 

'128,900' 


15 

"is" 




UNtTEO STATES SALVACE AS SOC i A T ION , , INC 

CAHAGE SURVE’' ANALVSIS 

.0Y„.ALLEG1EC._CAUSS,. .CASUAL TV. I.OCAT ION, „At'!0_V.e,SJJL_Ly£.E 



JANUARY 

1971 TO OECFNDER 197A 



■ 

. . VESSEL TYRE . 

...NUMBER. 

.total, ACTUAL 

.REPAIR JIHE. _ 



OF CASUALTIES 

REPAIR COSTS 

FOR AFFECTED ELEMENTS 






East of 

AFR ICA 




2. 

GENERAL CARGO SHIRS 

3 

6O.AO0 

13 

A. 

TANK SHIPS 

A 

356,200 

AA 

7. 

BULK CARRIERS 

2 

85,900 

6 

8. 

BULK CARRIERS - ORE/OIL 

2 

80, A 00 

9 


CASUALTY LOCATION TOTALS 

LI 

583,100 ’ 

72 

PERSIAN 

GULP 




2. 

GENERAL CARGO SHIPS 

1 

r" 8,2 00 

A 

A, 

tank ships 

22 

2,887,200 

217 

6. 

TANK SKIPS 

1 

55,100 

5 

7. 

BULK CARRIERS 

2 

A2.700 

20 

8. 

BULK CARRIERS - ORE/OIL 

0 

A02,500 

A7 


' CASUALTY LOCATION TOTALS 

3A 

3,395.700 

293 


S6A~ Or “BENGAL 


1. general cargo ships “ “ 

1 

3 00 

i 

2. GENERAL CARGO SHIPS 

6 

3A6,800 

35 

A. TANK SHIPS 

3 

2A7,9GO 

18 

6. TANK SHIPS 

1 

1,757,600 

35 

7. BULK CARRIERS 

2 

37,100 

6 

CASUALTY LOCATION TOTALS 

13 

2,389,700 

95 


INOOf-JESlA 


2. general CARGO SHIPS 
A. TANK SHIPS 
5. TANK SHIPS 

7. bulk carriers 

13. CONIAINER SHIPS (EXCLUSIVELY) 

16 

5 

1 

3 

1 

5,620,000 
630,000 
25,600 
1A5,'AOO "■ 
1A9,300 

112 



3 

lA 

7 

- -K> 

15. REFRIGERAieO CARGO SHIPS ' " 

1 

11,000 

I 


19- BARGE CARRIERS 

I 

67,A00 

3 


CASUALTY LOCATION TOTALS 

28 

___6,6A8,700_ _ 

18A 




UNIXeO .§TftT£S salvage ASSOC 1 AT ION,, .INC . 

OAt'AGE SURVEY AMALYS’tS 

BY AI.LEGSC CAUSE, CASUALTY. LOCAT tCN, ANO VESS£L TYPE 
January" 1971'to oecE)'ifiCR'i974 


vg$s6L_TyRe 


NUMBER _ TOTAL ACTUAL BSPAIR.IJ.M^ 

OP CASUALTIES REPAIR COSTS FOR AFPECTEO ELEMENTS 


AUST/N2 .. . 


2... „ GENERA L„ C A R G O SHIPS 

A. TANK SHIPS 

,7. .BULK .CARRIERS,. 


± 

2 

5 


JIaSOO 
136, A 00 
A5I.OOO 


casual rY_LOC AT 10N_ TOTALS 


605,900 


_2 

16 

38 


56 


NORTH PACIfi'C 


u general cargo ships 

2. GENERAL CARGO SHIPS 
3- TANK SHIPS 
A. TANK SHIPS 

1 

15 
2 ' 
A 

33,200 
•725,900 
1 OA , 1 OO 
1,020,900 

s' 

90 

13 

78 


7. BULK CARRIERS 

lA 

2,5?A,QC0 

203 


6. BULK CARRIERS - ORE/OIL 

2 

91,200 

22 


12. CONTAINER/CARGO SHIPS 

3 

61 ,‘006 

10 


IS. REFRIGERATED CARGO SHIPS 

3 

723,800 

19 


casualty location TOTALS 

A A 

5,336,100 

440 



'Z: GENERAL CARGO SHl'PS 
3. UNK SHIPS 

"'a', 'tank'”shi PS 
7. BULK CARRIERS 
10. BULK CHEMICAL CARRIERS 


2 

1 

■ 907200 

5A ,200 

8 

6 

7 

5X7,800 

69 

1 

26,300 

3 

1 

21 .600 

10 

12 

769,900 

76 


casualty" l oc at I ofrr ot a ls 

■alleged ”C'a' U S E'"! 0 T A 1 S ~~ 




*8778X2’ , 5"dO" 


5,871 



UNITED STATES SALVAGE AS SGC I AT !0N , „ I NC? — 

DAMAGE SURVEY ANALYSIS 

BY alleged CAUSE) CASUALTY LOC AT ION ). AND_.VE.iS£.L_XX.PE„ 
■ " JANUARY 1*571 10 DECEMBER 197A 


VESSEL .TYPE. 


OF 


NUf^lBER 

CASUALTIES 


TOTAL ACTUAL RES AIR..T.I ME 

COSTS POP affected ELEMENTS 


.COLLISION - .OBJECT 

ALASKA 


16. PASSENGER .SHIPS 

CAS U ALTY LOCATION TOTALS, 


^ ^ 120 ,.5 00.. 

, 120.500 


CANADA PACIFIC 


2. GENERAL CARGO Shi PS 

4. tank SHIPS 


1 

1 

13,600 

22,800 

~40,0Cb 

5 

5 

7. 'bulk carriers 

9, BULK CARRIERS - SELF-UNLQAOERS „ 

12. CONTAINSR/CARGO SHIPS 


1 

2 

47,300 

17,000 

3 

a 

■ ■ - • " “casualty^locatVon” 

TO'fALS '''' 

7 

141,500 


US. PACIFIC .. 


2 

46,100 

56 

1. GENERAL CARGO SHIPS 

■ " 2. GENERAL CARGO SHIPS 

3. TANK SHIPS 


i'5 

6 

t; 

- 193,300 

2 19, A 00 
167,400 

25 
2 3 

‘a." TANK SHIPS 

7. BULK CARRIERS 

g. BULK CARRIERS - SELF-UNLQAOERS 


R 

1 

1 

107,900 

25,600 

27 

■ i, 

4 

10. BULK CHEMICAL CARRIERS 

12. CONTAINGR/CARGO SHl.PS 

” 

7 

6 

'1 75. 300 

411,600 

28 
““ t: 

13- CONTAINER SHIPS (EXCLUSIVELY) 
15"- refrigerated CARG'o' SHIPS 


1 

122,000 


CASUALTY 'location 

'totals 

52 

1,485,700 

25Q 


HAVIAI I 


1, GENERAL CARGO SHIPS 
3. TANK SHIPS 


CASUALTY LOCATION TOTALS 


60,500 

37.A00 

'97 79 00' 



03 


r?' 


pacific cal- TO PANAMA 

1. GENERAL CARGO SHIPS 


1 


64.500 


2 








----- - - ■ '(3;\MAG£ SURV2Y ANALYSIS 

flY AILEGEC CAUSE. CASUALTY LOCATIflN. AND VESSEL 

TYPE 



~ 

JANUARY 1971 TO DECEMBER 19 7A 




upccci Tvpc 

NUMBER 

TOTAL ACTUAL 

REPAIR TIME 



OF CASUALTIES 

REPAIR COSTS 

hUK Arrcuicu 


12 

529,300 

80 


3. TANK SHIPS 

1 

5 

9,2 00 
185,200 

3 
n 3 


T. "bulk carriers” 

A 

1 

3A9.900 

3,500 

* A9 

3 


15. REERrCERAfEO CARGO SHIPS 

2 

20,800 

7 


CASUALTY 

LOCATION TOTALS 26 

1, 167 ,A06 

187 


nA^fcir cniiTii amcoita — — ■ 


A8 

1,31A.800 

259 


TANK SHIPS 

7 TAQRI^RS 

• T 

A 

. 63,600 
;280,A00 

i 1 

38 


, . a; "bulk'carriers - o're/oil” 

15. REFRIGERATED CARGO SHIPS 

1 

3 

is.A'o'o • 

925,200 

I 

29 


. r.ARlIALTY 

inr.ATION TOTALS 57 

2.602.A00 

330 



ATLANTl'C 'south’ AMERICA 

2- GENERAL CARGO SHIPS 
A . TANK SH I P S 

3 

2 

1 3 , U UU 
21,100 ■ 

8 


CARRIERS 

R ftlli K rAR.PIFRS - ORF/QIL 

2 

6 

360,306 

156.300 

‘i L 
20 


. 9."bulk 'carriers"- 'S£LF"uNLOADERS' 

-2 

1 36 , 9'66 

1 2 


CASUALTY 

LOCATION TOTALS 15 

t08,AUU 




1 r.cMPRAi TAiinn ships 

8 

205, A 00 

2 A 


’2. GENERAL CARGO SHIPS 
3 TANK SH I P S 

6A 

6 

1,2A6,.100 

232,100 

283 

36 


A. TANK SHIPS 
7. BULK CARRIERS 

3<? 

60 

2,272,700 

1,711,100 

317 

262 

K> 

1-* ‘ 

fi. BULK CARRIERS - ORE/GIL 
9. BULK CARRIERS - SELF -UNLOADE RS 

A 

■ 5 

128,600 
22 5, A 00 

L 0 
28 

VD 

10. BULK CHEMICAL CARRIERS 
TO rnkiTA T ,Mc :> /r A f>nn chip's 

' ■ 13 

3 

A09.300 

3A,200 

% P 


"iB. CONTAINER SHIPS (EXCLUSIVELY)" 

j. 

200, '700 

^6 




' REPRODbciBILTrYl OF THg ■ 
OEI^AL PAQS $ ^QQ$ \ 


UMITEO STATES SALVAGE A S SOC I A T ION , _J i\C , 

DAMAGE SURVEY ANALYSIS 

BY_ALLEGEC_CAUSEj CASUALTY LQC AT ION AND._VESSE.L_JYP.E._, 
JANUARY 1971 TO DECEMBER 197A 


VESSEL. TYPE 

NIIMRFR 

OF casualties 

TOTAL ACTUAL 
REPAIR COSTS 

REPAIR TIME 
FOR AFFECTED ELEMENTS 

RFFRIGERATED CARGO SHIPS 

4 

58,900 


PASSENGER SHIPS 

2 

73,500 

tl 

BARGS CARRIERS 

1 

22.200 . 

7 

CASUALTY LOCATION TOTALS 

203 

6.820,200 

1.168 


SOUTH ATLANTIC US TIP 


2. ‘general cargo ships 2 A6,300 1 

A. TANK SHIPS 2 _205jt.6CO 

'7. 'bulk carriers 2 70,200 

cVsUALtY“LOCAriON"TQTALS 6 '522,100 2 


SOUTH ATLANTIC US 


1. GENERAL CARGO SHIPS ‘ _ _ 

2. GENERAL CARGO ‘ships 

3. TANK SHIPS 
A. tank ships 

5. TANK SHIPS . 

7.' BULK CARRIERS 

10. BULK CHEMICAL CARRIERS 

11. LIQUID GAS CARRIERS 

13. CONTAINER SHIPS (EXCLUSIVELY)^ 

CASUALTY LOCATION TOTALS 


_1 

T 

_1 

6 

1^ 

"l 

1 

“l 

2 

21 


24,300 


132,800 

6,700 

2| 

) 

L 

216,900 

1 

J 

335,200 

M 

5 

11,300 

175.000 

li 

> 

) 

12,700 

t 

V 

174,800 


5 


1,089,700 97 


S NORTH 

1 . 

2 . 

3. 

4. 

7. 

8. 

10 . 

11. 

"13. 

15. 

13. 


ATLANTIC 


GENERAL CARGO SHIPS 2 

GENERAL CARGO SHIPS _ 26 

TANK SHIPS ' 6 

TANK SHIPS 23 

BULK CARRIERS . 23 

BULK CARRIERS - ORE/OIL 1 

BULK CHEMICAL CARRIERS 5 

LIQUID CAS CARRIERS ; 1 

CONTAINER SHIPS (EXCLUSIVELY)'" ' '5' 

REFRIGERATED CARGO SHIPS 1 

AUTOMOBILE, ROLL-CN/RQLL-CFF CARRIERS 1 


119,200 
_576,500 
136,400' 
1,383,300 
535,400 
6,300 
“■ 232,500 
4,400 
131 ,6‘CiO 
27,500 
18,400 




13 

U 


w 

to 

O 


UNITED STATES SALVAGE AS SQC I A T ION I.NC .. 

“"'CAMAGC SURVE'' ANALYSIS 
CAUSE. CASUALTY l.OC A T.I ON ,_A_Np.X£ 

'JANUARY' ISTT'TO DECEMRER 1974 


B Y A LLEGEC... CA 


ves&£.L TY.ee 


. — 

NIINBER 

TOTAL ACTUAL 

REPAIR TIME 



OF CASUALTIES 

RE'pa'IR COSTS 

f5r affected ELEMENTS 

■ 

CASUALTY 

LOCAT ION 

tot'als ' 

9A 

3,170,900 



^ r ^ ^ 



1 

10,000 

5 

f m (.J t f<l t K A l_ ^ ^ IN V IJ J 1 1 1 1 iJ 

TAMK SHIPS 



2 

2 

50, 500 
32,100 

16 

CASUALTY 

LOCATION 

TOTALS 

5 

92,600 

35 



Sf’."’LA"WREM'CE SEAWAY 

2. GEMERa'l CARGO SHIPS 
4 TANK SHIPS 



19 

6 

563,100 

416,900 

66 

7- BULK CARRIERS 

o oiiiw' TADOTcoc ^ nQP/nn 



20 

7 

965,000 

90,900 

LSI 

5r'B‘ULK'CARRfER's“-“SELF-UNLOADERS 



2 

1 

lar.fdo 

37,500 

lo 

20 

casualty 

LOCAl ION 

TOTALS 

55 

2,195,900 

471 

" • 

■'great lakes 

2. general cargo ships 

L TaMK 1 P S 



id 

3 

309,600 

10,000 

60 

15 

7- BULK CARRIERS 

3. BULK CARRIERS - QRE/OIL, 

■ '<5. BULK CARRIERS - SELF-UNLOAOERS 



95 

5 

2,706,100 

137,900 

508 

27 



. 40 
1 

i,'oo4,iod 
14 ,000 

217 

6 

!\j* 

CASUALTY 

LOCAT ION 

TOTALS 

154 

4,270,500 

033 







ATLANTIC EAST 





2 21 

2'- GENERAL CARGO SHIPS 

A, TANK SHIPS 



2 

2 

63,200 

196,900 

h 

16 

7. BULK CARRIERS 
8 BULK CARRI-FRS ~ ORE/OIL 



1 

1 

"50,300 

90,000 

6 

20 

13. C0NTA1NER"SHI PS (EXCLUSIVELY!" 




"" " 114,300 

2 



UNITED STATES SALVAGE AS SOC ! AT ION i _JNC.. 

DAMAGE SURVEY ANALYSIS 

BY ALLEGED _CAUS E CASU.AL T Y. l.OC A T ION ,.„A.ND^E S SJ_L_TYPE_ 
- ■■ JANUARY 1971 TO DECEMBER 197^ 


VESSEL TYPE. 


/ifTItAI ^ R- 

...AL.IUAI, r-T" . -r-t-^Tcn Cl CMPNT’ 


15. .RErR 1GERATED_CARG0_SHI.PS 

CASyALTY_LQCATiON„TOTALS 


'ENGLAND 

2 . 

A. 

5. 

7. 

13- 


GENERAL CARGO 
TANK SHIPS 
TANK SHIPS 
BULK CARRIERS 
CONTAINER SHIP 


SHIPS 


north sea 


A. TANK SHIPS 
10- SULK 'CHEMICAL 
13. CONTAINER SHIP] 


BALTIC SEA 


I . 
2 . 

"A I' 
6 . 
7. 
lU 
12 , 
13. 
'15. 
19. 


GENERAL CARGO 
GENERAL CARGO 
TANK SHIPS 
TANK SHIPS 
BULK CARRIERS 

liquid gas CA 

CQNTAI NER/CARlj 
container SMI 
REFRIGERATED ' 
BARGE CARRIER 


'wESf COAST OF EUROPE 

2. general CARGO 


JeJaI r'^CQSTS FarAFEidTEb ELEMENTS 


QF CASUALTIES 


^ It 800 

g 516»5QP 


._ 2 _ 

Ay 


[EXCLUSIVELY) 

C A S U A LT y’’ L d C a'T I on" T 0 T'A L S ■ 


iB""' 

^19,500 

— 80 

124 

' i" 

134,000 

1 I 

n 

'14 

— 628,800 

60 

64" 


366 


[carriers 

S (EXCLUSIVELY) 


P A1.800 

-557200 

7 71U700 


CASUALTY location TOTALS 


10 


793.700 


"6 

_.76_ 

95 


SHIPS 

SHIPS 


116,600 

139,300 


9 

23 


13 

I 


RRI ERS . .. . 

ho SHIPS 
hs (EXCLUSIVELY) 
CARCG SHl.PS 


casualty location TOTALS 


7 

1 

' 1 " 

2 

T 

1 


32 


151 

6 

■'■ 72 “ 


760,600 

3A.200 

'229,000 

3,700 |— 

20,700 I 

77,800 ^ 


16,300 

19,800 


1,412,800 


4 

. ^ to 

to 

255 KA 


SHIPS 


22 


359,300 


114 



UNITED states SALVAGE ASSOCIATION, INC, . 

CAMACE SURVEY ANALYSIS 

nv ALLEGED CAUSE , C ASU ALJ Y . LOCATION . AN D V E S S E L . jrVP.g 

JANUARY 1971 TO DECEMBER 1974 


. VESSEL. TYPE 


OF 


NUMBER lOI^L ACTUAL 

CASUALTIES REPAIR COSTS 


REPAIR..TJME 

?OR~AFFECT£D ELEMENTS 


3- TANK SHIPS 

A. TANK SHIPS 

6. TANK SHIPS 

7, BULK CARRIERS 

_8. nULK_.CARRI eRS_.-i_.CR£/.OI.L 

10.*’buLK~’cmEHI CAL CARRIERS 

12. CCNIAINER/CARGO. SKIPS . 

13. CONTAINER SHIPS (EXCLUSIVELY) 

15. REFRIGERAJED .C A.RGC_ SH I PS 

in. automobile, rolC-cn/r'oll-off carriers 


16,300 
900,600 
lj924 ,200, 
869,900 

130,700 

30,000 

10,500 

83,000 

__14,200 

195^600 


U. 

210 

_~3 

212 

16 

7 

3 

'T2 

5 

'■"31 


casualty location totals 101 


4,534,300 


694 


EUROPE, MEDI.TER. .. 

2 ^ GENERAL CAR6_Q__SHI PS 

4 '. '.tank SMI PS ' ' 

6. TANK SHIPS 

“■■ 7 . BULK carriers' ■ . 

a, BULK CARRIERS- ORE/CIL 

10. "bulk CHEMI-CAl'CARRIERS 

12.__CQ.NTAInER/CaRG0 SHIPS 

13 '. CON I A I ME R ■ SH I P S'~( £ XC'lUS I VELY) 

15. REFRIGERATED C ARGG.. SHI PS 

“”i6i ' passenger ‘ siiips 

_13. AUTOMOBILE, R0LL-CN/RCLL7CFF_CARR!.ERS 


4L9,2 00___ 90 

937,100 103 

306,9 00. _ _16 

1,326;70‘6 140 

62,900 18 

"29,'OOd" ~ “ 3 

48.800 4 

g^Tgoo 10 

_ 90,100 _ 27 

"73^3'o'd 1'3 

118,400 21 


CASU AL TY LOCATION TOTALS T± 


3,479,000 


451 


AFRICA, MEDITER- 

2. GENERAL CARGO SHIPS 

4. TA.NK SHIPS 

■'■■7r0ULK'CARiUERS 

8. BULK CARRI&RS - ORE/OIL 





77.400 

16 


1 

* 

38,200 

5 


3 


76,700 

23 


1 


34,400 

4 


CASUALTY LOCATION TOTALS 


8 


226,700 


48 


to 

'to 

w 


west' AFRICA 


1. general cargo ships 


1 


177300 



UNITED STATES SALVAGE ASSOCIATICN, INC, 

DAMAGE SURVEY ANALYSIS 

8Y, ALLEGEC_CAUSE, .CASUALTY LOC AT ION, _AN0J.E.SS.E.L_.TYPE 

JANUARY 1971 TI) OECEHBER 1974 


VESSEL. TY.PE 


of” 


tgUMBER JOT.AL. ACTUAL.. 

CASUALTIES REPAIR -COSTS 


BEPMR-T.If'E 

FOR AFFECTED ELEMENT- 


2. GENERAL CARGO SHIPS A.l. 

4. TANK SHIPS • ^ 

7. SULK CARRIERS f 

8. BULK CARRIERS - ORE/OIL I 

19,_.BARGE .CARR I E.RS L 

CASUALlY_Lp.CAI,!pN..T.gjALS 26 


393,700 §3. 

169,300 T5 

2 18, .4.00 4i), 

998,’VOO” 7 9 

1 3.600 i 


li0.1Q.,7°P. 


TIP OF AFRICA 


2.'"gEN£RAl’ CARGO SHIPS 





6 

3 

104,600 

90,000 

24 

27 


7. BULK CARRI.ERS 
15. REFRIGERATED CARGO i 

T 0 <; 




1 

1 

2,500 

29,000 

3 

5 


CASUALTY 

LOCAT ION 

TOTALS 

11 

'226.100 

59 


■ 

EAST OF 'AFRICA 









■ 2, GENERAL CARGO~SHIP’s' 

4 . TANK SHIPS 





6 

5 

126,160 

199,400 

36 

27 



CASUALTY 

LOCAT 1 

:oN 

totals 

11 

319,500 

63 









PERSIAN GULF 


3. TANK SHIPS 

4, TANK SHIPS 

7. BULK CARRI.ERS 





2 

11 

5 5 , 4 UU 
558,000 

63 






2 

24,600 

' id 



CASUALTY 

LOCAT 

ION 

TOTALS 

15 

638,000 

90 


SEA OF BENGAL 

1. GENERAL CARGO SHIPS 

2. GENERAL CARGO SHIPS 

4. TANK SHIPS 









5 

9 

11 

58.500 

68,200 

1,569,900 

7 

' 36 

102 

to 

*1^ 

7.' BULK CARRI6RS 

15. REFRIGERATED CARGO 

SHIPS 

CASUALTY 




6 

1 

2O/.7C0 

20,100 

6 


LOCAT 

ION 

TOTALS 

30 

1,924,400 

178 





UNITED STATES SALVAGE ASSOC I A IION,. .INC. . 
DAMAGE SURVEY ANALYSIS 




— 

‘ 



ey ALLEGEC CAUSE, CASUALTY LOCATION, ANO VESSEL 

TYPE 



- JANUARY l<371 rC OECEMP.ER 1974 

VESSEL TYPE 

NUMBER 

TOTAL ACTUAL 

.REPAIR_I.1ME_ 



OF CASUALTIES 

REPAIR COSTS 

FOR AFFECTED ELtMcNl 



1. r;cMPRfti r.APon ships 

7 

110.200 

18 


2. general cargo ships 

40 

3 

1,384,200 

227,600 

24 1 
69 


'"' 4 . TANK SHIPS 
‘ 5 . TANK SHIPS 

5 

1 

203,000 

84,600 

4 ‘2 
6 


7. BULK CARRIERS 

1 

89,700 

1 


12. CONTAINER/CARGO SHIPS 

3 

4 3 , 5 00 



13. CONTAINER SHIPS (EXCLUSIVELY) 

1 

15,000 

6 


■ CASUALTY 

LOCATION TOTALS 61 

2.157,800 

390 


AUST/N7 


• 



2. general cargo SHIPS 

1 

500 

2 


4. TANK SHIPS 
7, BULK CARRIERS 

■ 6 

73,400 

369,900 

17 

41 


CASUALTY 

LOCATION TOTALS 10 

443,800 

60 



NQRtH PACIFIC 

1. GENERAL CARGO SHIPS 

2. GENERAL CARGO SHIPS 

3 

27 

62,200 

812,100 

6 

142 


■ 3 . TANK SHIPS 
4. TANK SHIPS 

1 

9 

10,600 

321,400 

A 

A8 


7. BULK CARRIERS 

9. BULK CARRIERS - OR^/OIL 

"" T'7 

2 

439,i0(j ' 

53,000 

88 

10 


" 12 . CONTAINER/CARCO SHIPS 
13- CONTAINER SHIPS (EXCLUSIVELY) 

^ 

3 

534,600 

237,400 

AO 

10 


IS, REFRIGERATED CARGO SHIPS 

1 

3,6 00 

2 

17 


19. BARGE CARRIERS 

4 

1X6*9 00 


CASUALTY 

LOCATION TOTALS 73 

2,619,100 

367 

to 

, to 





. ^ 


2- GENERAL CARGO SHIPS 

_ - 

4,100 

2 



UNITED STATES SALVAGE AS SOC I A T I ON , . I NC . 

damage survey analysis 

BY ALLEGED CAUSE, CASUALTY. LOG ATJON ,_ANO.XE_S.SEL_t.VP^- 
JANUAITY 1971 TO DECEMBER 197A 


VESSEL TYPE. 


NUMBER 

of" CASUALTIES 


TOTAL .ACTUAL. 

■"“repair costs 


repair. JJME 

'for"aff'ected element . 


TANK SHIPS .. 

TANK SHIPS 

BULK CHEMICAL CARRIERS 

CONTAINER/CARCO SHIPS 
CON TA I NE R SHIP S_LLXCJ,US.I.'iL6 m_ 
■pASSENGER SHIPS 


71 Tf^OP- 
219,400 
19,400 , 

'"'ib.'boo 

• 27.000 
3 5 ”. 6 00 


"■cASUALTY“LbCATfON“TiOT'ALS 


385,700 


'aLLEGEO CAUSE TOTALS 


,327,400 


7,357 


UNITED STATES SALVAGE AS SOC I A T I ON . I NC - . 

' DAMAGE SURVEY ANALYSIS 

BY ALLEGED CAUSE, CASUALTY LOCATION, AND VESSEL 

TYPE 


JANUARY 1971 ID DECEMCER 197A 

VESSEC TYPE „ ,_NUMBEB. 

TOTAL ACTUAL 

REPAIR TIME 

OF casualties 

REPAIR COSTS 

FOR AFFECTED YEMENI 

COLLISION - SHIP TO SHIP 




CANADA .PA.CIF.IC 


2. GENERAL CARGO SHIPS 
7- BULK CARRIERS 

9. BULK CARRIERS - SE LF-UNLO AOE RS 

— 

1 

2 

1 

659,700 

5.700 

9.700 

8 

5 

3 

CASUALTY LOCATION TOTALS 


A 

675.100 

16 

■ 

US PACIFIC 

1. general cargo SHIPS 


1 

5.2 00 

2 

2. GENERAL CARGO SHIPS 


e 

33,500 

27 

3. TANK SHIPS 


A 

36,600 

12 

A. TANK SHIPS 


6 

•226,600 

26 

12- CONTAINER/CARGO SHI.PS 


3 

95, A 00 

8 

13. CONTAINER SHIPS (EXCLUSIVELY) 


2 

1A5 ,800 

19 

19. BARGE CARRIERS 


1 

. 2A.000 

5 

> CASUALTY LOCATION TOTALS 


25 

567,100 

99 

HAWAII 

1. GENERAL CARGO SHIPS 


3 

11,500 

a 

2. GENERAL CARGO SHIPS 


3 

111,000 

18 

CASUALTY LOCATION TOTALS 


6 

122,500 

26 


PACIFIC CAL. TO PANAMA 


1. GENERAL CARGO SHIPS 
3- -TANK SHIPS 
7. BULK CARRIERS 

1 

1 

A 


28, A 00 
19.800 
767,500 

5 

9 

57 


15- REFRIGERATED CARGO SHIPS 

2 


158, Aog 

17 


CASUALTY LOCATION TOTALS 

8 


974,100 

88 

CO 

PACIFIC SOUTH AMERICA 





-vj 

2. GENERAL CARGO SHIPS 

5 


112,600 

28 


15. REFRIGERATED CARGO SHIPS 

1 


7,A00 

6 




UNITED STATES SALVAGE ASSOCIATION, INC. . , 
DAMAGE SURVIY ANALYSIS 

BY ALL EQE C _C AU S E C ASU AL T Y_, L OC AT. ION , -*NO__5/£5S£j — 
JANUARY 1971 TO OECENEIER 197 ^ 


. VESSEL..TYPE 


OF 


number _ TOTAL ACTUAL REEAIR_I1P£ 

CASUALTIES REPAIR COSTS FOR AFFECTED ELEMcNV 


ATLANTIC_SOUTH AMERICA 


2- GENERAL CARGO 
A. TANK SHIPS 
7. BULK CARRIERS 
9. BULK CARRIERS 
15. REFRIGERATED 
’l'6- PASSENGER SH 


casualty location 

TOTALS 


6 

120,000 

39 



1 T P 



A 

35.900 

2A__ 





2 

30.100 

10 





2 

5 A, 9 op 

23 


; - SELF-UNLOAOERS 



2 

20,^66 

18 


rARftr <;nrpR 



1 

900 



PS 



1 

3,2 00 

3 


■""casuaLty'locat'ion' 

totals 


12 

194,900 

80 



^ULF__AMO, CARR I BBS AN 


1 rcMCD/ii rAor.n * 

13 

261,800 

52 

2. GENcRAL CARGO SHIPS 

66 

3 

2,319,200 

30.200 

909 

11 

4. TANK SHIPS 
A TA SHIPS 

'31 

2 

8,393,300 
80-, 1 00 

911 

19 

7- BOUK CARRIERS 
0 TAOPit^DS - nRF/nii 

99 

3 

1,320,900 

10,900 

291 

8 

9. BULK CARRIERS - S£ LF-UNLOAOE RS 

1 ft R1MK rnr.MtrAi carriers 

3 

8 

111,700 

111,500 

21 

29 

'll- LIQUID CAS CARRIERS 
)?. CONTAIN=R/CAP.G0 SHI.PS 

1 

2 

33,700 

175,000 

8 

35 

13. container SHIPS 1 EXCLUS I VELY) 

5 

99,900 

102,600 

2,000 

13 

25 

3 

15. REFRIGERATED CARGO SHIPS 
19. BARCl CARRiLRS 

7 . . 

1 

casualty"locat ion" totals 

189 

“13,053,300 

1,280 


SOUTH ATLANTIC US TIP 

1. GENERAL CARGO SHIPS 

7. BULK CARRIERS 

8- BULK CARRIERS - ORE/OIL 

10- bulk'"chemical”carriers 


10,000 

15,900 

ia,3oo 

'35’,"50'0 


A 

13 

_3 

5“ 


N) 

K> 

00 


A 


25 


CASUALTY LOCAT ION TOTALS 


79,700 



UNITED STATES SAL7AC1: ASSOCIATION;. JNQ., .. 

■ ■■ DAMAGE SURVEY ANALYSIS 

BY ALLBGEC CAUSE, CASUALTY LOCATION.^ AND. VESSEL 

TYPE 



— ” ■ JANUARY 1971 TO 

DECEMBER 1974 




VESSEL Ty.P£_ 

NUMBER 

CASUALTIES 

TOTAL ACTUAL. 
repair" COSTS 

REPAIR TIME 

FOR^AFFEirTED ELEMENT' 

-.ii..,,..— — ... .. 

> » • — > » ■ ** - P.» — — — — — 


1 

10.000 

4 


1- GFM^KftL LAKUU ^nir:> - — 

2- GENERAL CARGO SHIPS 

5 

3 

4,091,300 

17,000 

‘ iCJi> 

7 


"'a. "tank ships 

i 

1 

32,800 

470,700 

3 

15 


is. REFRIGERATED CARGO SHIPS 

1 

106,506 

1 ^ 
>4 A 


CASUALTY LOCATION TOTALS 

12 

^ f 3 00 




__ US „NDR IH . A ILAIN 1 i U 

2 

1 ,900 

2 


Lm GcNcKAL CAKbU on 1 r o 

2- GENERAL CARGO SHIPS 

18 

7 

1,465,7'6o 

198,700 

l40 

36 



A. TANK SHIPS 

37 

6 

3,209,306 
81 ,500 

28 


8. BULK CARRIERS - ORE/OIL 

2 

2 

145,300 

33,800 

20 

10 


12. CCNTAINER/CARGO SHIPS 

2 

10 

508,366 

6,319,400 

2o 

'l't5 


15. REFRIGERATED CARGO SHIPS 

T 

1 

55,000 

18,200 

3 

7 


16. PASScNGcR SnlPb 

13^ 'AUTOHOBILE, ROLL-ON/ROLL-QFF CARRIERS 
10 BiRr.F GASRIFRS 

1 

2 

144,800 

31,600 

1 H 

9 



VI 

12,153,500 

744 



■ ■ ' ■ CANADA PACIFIC 



— — 


■■■ " ' 2. GENERAL CARGO SHIPS 

a. BULK CARRIERS ^ ORE/OIL . 

CASUALTY LOCATION TOTALS 

1 

1 

7 3 ; 3 00 
6,500 

3 


2 

79,800 

14 

to 

“■‘to 


ST. LAWRENCE SEAWAY 

2. GENERAL CARGO SHIPS 

1 

24,800 

0 




- - 

UNITED .STATES SALVAGE AS SOC lAT ION, „INC . .. .. 
DAMAGE SURVEY ANALYSIS 

TYPE 


bY A L L t L, AU 5 C T L/OUMUXI. ■ i 7— 




JANUARY 1971 TC UtUtMliCK 




NUMBER _ „„ 

TOTAL, ACTUAL 

REPAIR.TRE-- 


OF CASUALTIES 

REPAIR COSTS 

FOR AFFECTED ELEMENT 


1 ___ __ 

3,80.0 

2 

3. TANK SHiPS - 

■ A. TANK SHIPS 

1 

1 

26 ,ibo 

103,000 

6 

CASUALTY 

LOCATION TOTALS A 

157,700 

20 


GREAT lakes 




TANK'StUPS 

2 

17 

7 , i 00 

1.2 A3, 3 00 

, 7 
112 

g. bulk CARRIERS - SELf-UNLOADERS 

0 

128,700 

’ 32 

■ " ■ ■■ ■ ■ casualty 

LOCATION totals 27 

1 ,379,100 

isi 



1 

9,100 

3 

C A<:HAI TV 

1 nr AT inN totals 1 

9,100 

3 


England” 

' 



2. general cargo ships 

j 

7 

" ■ 292,500 ■ 

8,897,200 

ia 

HI 

T* iAi'JjNirilro 

7. BULK CARRIERS 

2 

2 17, A 00 
112,900 

29 

13 

10." BULK CHEMICAL CARRIERS 

12. CONTAINSR/CARCO SHIPS 

13, CONTAINER SHIPS (EXCLUSIVELY) 
15. REPRIGERATEO CARGO SHIPS 

- - ^ 
2 

15.A00 

2A,200 

, 5 
9 

"2 

1 

900 

11,200 

3 

3 


CASUALTY L0CAT|,9.N_ TOTALS L?. 


i_’HL’799. 


221 


TT 

w 


o 


north sea 

A. TANK SHIPS 
7. 8ULK CARRIERS 

■" "13. container ships (EXCLUSIVELY) 


1 

I 

1 


"■&.700 

AO, 300 5 

ll770'0" 6 


casualty location totals 


3 


■ 58,700 


15 


IREPRODUGIBE.ITY OF THE 
ORIGINAL PAGE IS POOR 


UNITED STATES SALVAGE ASSaCIATION, INC. 

DAMAGE SURVfY ANALYSIS 

BY A L L_£^ ££_ CAU S.E ...CAS U A.L.T Y_. .L 0 C A T 1 ON. AN D VESSEL TYPE 
JANUARY 1971 TCI OECCHRER 1974 


.V6SSEL_Ty.E£ 


tiUMBER 

CF CASUALTIES 


TOTAL ACTUAL _ SGPAL8-IJYE 

REPAIR COSTS . FOR AFFECTED ELEMENT. 


2- GENERAL CARGO SHIPS 

5 

205,000 

38 

4. TANK SHIPS 

3 

38,300 

13 

7. BULK CARP.I6RS 

2 

34 , 1 00 

15 

13. CO.NTAINER SHIPS (EXCLUSIVELY) 

. 1 

19,900 

3 

15. REFRIGERATED CARGO SHIPS 

1 

62,000 

9 

CASUALTY LOCATION TOTALS 

12 

359,300 

78 


WES'fcOAS'T 'of EUR’oPE 


2. GENERAL CARGO SHIPS 

3. TANK SHIPS 


3 

1 

23,700 

24,600 

12 

8 


4. TANK SHIPS 


9 

323,000 

49 


7. BULK CARRIERS 


16 

486,700 

122 


8. BULK CARRIERS - ORE/CIL 


3 

195,400 

27 


12. CONTAI.NER/CARGO SHIPS 


1 

1 ,800 

1 


15. REFRIGERATED CARGO SHIPS 


3 

60,600 

16 


CASUALTY LOCATION TOTALS 


36 

1,120.800 

235 



EUROP.E, MED I TER. 


1. general CARGO SHIPS 

"2.' general' cargo" SH I pT 
4. tank ships 
'6. TANK SHIPS 

7. BULK CARRIERS 

8. QULK carriers’- ORE/OIL" 
12. CONTAINSR/CARCO SHIPS 

15. REFRIGERATED CARGO SHIPS 

16. PASSENGER SHIPS 

I9l BARGE carriers' 



_ 1,300 

26,606T 

496,600 
11,600' 
12,500 
"43, 900" 
_83,900 
■ r2,'3C“d“ 
22,600 
70,100 


2 

26 
104 
" '3 
13 
"16' 
15 
4 

20 


-- to ~ 
ui 


casualty LOCAT ion’ TOTALS 39 


781,400 


218 


AFRICA, MEDI TER. _ 

2. GENERAL CARGO SHIPS 


2 


1,500 


3 




UNITED STATES SALVAGE ASSOCIATION, ,1NL. ... 

DAMAGE SURVEY ANALYSIS 

- - ♦ - — • 



CY ALLECeC CAUSE, CASUALTY LOCATION, A N Q _V_E S^ £_U_ 

TYPF 




JANUARY 1971 TO DECEMBER 1974 




VESS8L TYPE 

number.. 

,_.total„actual 

REPAIR. TIME_. 



OF CASUALTIES 

REPAIR COSTS 

for AFFECTED ELEMENT • 


’casualty" 

LOCATION TOT'al'S 2 

1,500 

3 



4 TANK 1 P S 

2 

21j900 

q 


7. BULK carriers" ” 

4 

13,800 

10 



LOCATION TOTALS 6 

35,700 

19 



oFwr-RAi r.Aar.n ships 

7 

219,200 

50 


A- TANK SHIPS 

i 

2,251,300 

84 


7. BULK CARRIERS 

1 

700 

2 


15. "refrigerated cargo ships 

2 

21,600 

7 


CASUAUfy 

LOCATION TofALS 11 

2,493,000 

143 


FAST np AFRICA — — — ; 

4. TAMK SHIPS 

2 

92,300 

14 


15. refrigerated cargo' shi'ps’ 

4 

34,800 

19 


casualtV 

LOCATION TOTALS 6 

127,100 

33 


PERSIAN GULF 

2. GEWRAL CARGO SHIPS 





1 

16,200 

2 


A. TANK- SHIPS 

6 

335,000 

60 

51 


6. TANK SHIPS 

1 

1,445,000 


8. BULK CARRIERS - ORE/OIL 

2 

6,017,100 

12 

K) 

CASUALTY 

LOCATION TOTALS 10 

7,813,300 

■■ 125 ■ 

W 

SEA OF BENGAL 

1, GENERAL CARGO SHIPS 





■a 

92 ,600 

U 



24,400 

10 


2. GENERAL CARGO SHIPS 

3 



UNITED STATES SALVAGE ASSOCIATION, INC. 

DAMAGE SURVEY ANALYSIS 

B Y_ A L LEG EC CA U S E , ..C A.S U A L T Y. . L 0 C A T I ON ,_AM D VESS EL TYPE 
JANUARY 1971 TO DECEMBER 197A 


. . VESSEL TYPE 

NUMBER „ 

TOTAL ACTUAL 

REPAIR TIME 


OF CASUALTIES 

REPAIR COSTS 

FOR AFFECTED ELEMENT ■ 

• A. TANK SHIPS 
7. BULK CARRIERS 

1C 

A 

2t571.600 

97,500 

136 

19 

CASUALTY LOCATION TOTALS 

20 

2,786,300 

176 


, INDONES 1 A 


1. GENERAL CARGO SHIPS 

2. GENERAL CARGo" SKIPS 

3. tank SHIPS 

— 

16 

76 

7 

2A5,aOO 

‘T,'263,'ooo 

187,200 

6A 

265 

35 

A. TANK SHIPS 


15 

1 ,9A3,000 

186 

7. BULK CARRIERS 


1 

1,700 

A 

8. BULK CARRIERS - ORS/OIL 


3 

1 ,6A5,6C0 

72 

12. CONTAIMER/CARGO SHIPS 


A 

161 ,300 

25 

16. PASSENGER SHIPS 


1 

65,500 

6 

CASUALTY LOCATION TOTALS 


123 

5, ASS, 900 

657 


AUST/NZ 



1. GENERAL CARGO SHIPS 


1 

12,300 

5 


7. SULK CARRIERS 


3 

30, A 00 

a 



CASUALTY LOCATION TOTALS 

A 

A2,700 

13 


NO RTH P ACIF I C 


1. GENERAL CARGO SHIPS 

8 

1,1AA,700 

90 


2. GENERAL CARGO SHIPS 

A0 

2,2A6,SOO 

27A 


3. TANK SHIPS 

2 

32,100 

7 


A. lANK Ships 

6 

312,900 

50 


7. BULK CARRIERS 

16 

888,300 

129 


a. BULK CARRIERS - ORE/OIL 

1 

7A,100 

15 


12- CONTA 1 NCR/CARGO SHIPS 

5 

350,700 

26 


13. container SHIPS (EXCLUSIVELY) 

7 

1,167,A00 

A3 


16. PASSENGER SHIPS 

2 

108,200 

22 

Ul 

19. BARGE CARRIERS ' ' 

2 

2A.7C0 

9 

to 

CASUALTY LOCATION TOTALS 

97 

6,A29,600 

673 




UNITED STATES SALVAGE ASSOCIATION, INC., 

camage survey analysis 

BY ALLEG£C_CAUSE, .C A SU AL TY. LOG A T ION AND .VE.SSE.L,_IY£.E. 
JANUARY 19n TO OECEMRER IS?'* 


.VESSEL. TYPE. 


NUM6ER 

OF CASUALTIES 


TOTAL..ACTU.AL. 
REPAIR COSTS 


EEE.AIR.IJI'E 

FOR AFFECTED ELEMENT 


2. GENERAL CARGO SHIPS 

.A. TANK SHIPS 

io. BULK CHEMICAL CARRIERS 


3 62,600 
1 _ _ _ 39,.40P_ 


19 

7 

7 


CASUALTY LOCATION TOTALS 
'kLEGEO'CAUSE'foTALS 


6 

"7 os' 


133,400 

■7lT457^600' 


33 

'57470" 



UNITED STATES SALVAGE AS SOC I A T I OM INC. 

damage survey analysis 

.& Y_A_L,L.£ G„E C__C AU S E , . .C A S U A LTV .LOCATION, AND VESSEL TYP E 

January 1971 to December 1974 


VESSEL TYPE 

HEAVY WEATHER DAMAGE 



NUM.BER 

OF CASUALTIES 

TOTAL ACTUAL 
REPAIR COSTS 

REPAIR TIKE 
FOR AFFECTED ELEMENT' 

ALASKA 

1- GENERAL CARGO SHIPS 



1 

86.000 

4 

2. GENERAL CARGO SHIPS 



1 

15,500 

6 

CASUALTY 

LOCAT ION 

TOTALS 

2 

101,500 

10 

CANADA PACIFIC 






4. TANK SHIPS 



1 

52,900 

5 

7. BULK' CARRIERS 



2 

8,100 

4 

CASUALTY 

LOCATION 

TOTALS 

3 

61,000 

9 

US PACIFIC 

2. GENERAL CARGO SHIPS 



2 

47,600 

17 

3. TANK SHIPS 



1 

10,500 

2 

4. TANK SHIPS 



1 

7,900 

3 

7. BULK CARRIERS 



1 

33,000 

2 

12. container/cargo SHIPS 



2 

75,400 

11 

15. REFRIGERATED CARGO SHIPS 



3 

42,600 

14 

CASUALTY 

LOCATION 

TOTALS 

10 

217,000 

49 

HAWAII 

2- GENERAL CARGO SHIPS 



1 

39, 100 

0 

4. TANK SHIPS 



3 

75,900 

14 

CASUALTY 

LOCATION 

TOTALS 

4 

1-15,000 

22 


PACIFIC CAL. TO. PANAMA 

1. general CARGO SHIPS 

2. GENERAL CAROO'SHIPS 

3._JANK SHIPS 

4. ““tank' SHI PS 

7. BULK CARRIERS 

8. BULK CARRIERS ORE/OIL 


to 




u> 


1 

21 ,200 

4 

Ul 


21 

951,200 

134 



1 

7,400 

4 



11 

743,300 

77 



16 

406,300 

90 



1 

32,800 

6 




UNITED STATES SALVAGE AS SOC I AT ION, _ INC •. ... 
DAMAGE SURVEY ANALYSIS 

.8Y_ALLEG6C_CAUSe, CASUAL .TJ .LQC.AT ION ,„.AMP.._VS.S^SE1. 
‘JANUARY 1971 TO DECEMBER 1979 


TYPE 


12 . 

13. 

15. 

19, 


CONTAINER 
REFRIGERAT 
BARGE CARE 


TVPF 

NUMBER. - 

TO.T.AL.. ACTUAL 

re.pair_.ti(;e 


OF CASUALTIES 

REPAIR COSTS 

FOR AFFECTED ELEMENT . 



95,900 

28 ___ 

SHIPS (EXCLUSIVELY) 

5 

150,600 

j1 

sn rAor.n CHrP<^ 

9 

78,200 


lERS 

1 

20,200 

9 

CASUALTY LOCATION TOTALS 

66 

2,507,100 

399 


PACIFIC SOUTH AMERICA. 

_ 2. GENERAL CARGO SHI PS 

7.' bulk carriers'" 

15. REFRIGERATED CARGO SHIPS 


35,6 00 

57,0'6o' 

2.500 


II 

10 

2 


casualty LOCATION TOTALS V 


95,100 


23 


SOUTH-TIP OF SOUIH 'AME'R'i'cT' . 


9. TANK. SHIPS 1 

5. TANK SHIPS _ I 

7. BULK CARRIERS" 1 

a. BULK CARRIE RS - ORE / OIL i 

CASUALTY LOCATION TOTALS 5 


20,300 
86,600 
"‘2‘5 i 6o‘ 

75,0 00 

207,000 


2 

11 

22 

19 


59 


ATLANTIC SDUIH AMERICA 


2 . 

9. 

3. 

GENERAL-CARGO SHIPS 
TANK SHIPS 

BULK CARRIERS - ORE/OIL 


1 

1 

2 



9.500 

8.500 
22,600 “ 

.. — 

— 

• 2 
3 

lo"" 

— 

CASUALTY' LOCATION ‘totals’ ' 


9 


35,800 



15 


. 

• 








N> 

GULF AND 

CARRIBBCAN 





- 

.. *. « — 

- 

--U) 











2 . 

C^NERAL CARGO SHIPS 


8 


100,100 



2 £_ 

^ ^ , - — — — 

"9. 

TANK SHIPS 


6 


290,900 



Ts 


7. 

BULK CARRIERS 


5 


62,600 



AO 


10 - 

BULK CHEMI.CAL' CARRIERS 


1 


10,100 



8 


15. 

REFRIGERATED CARGO SHIPS 

» . 

2 


289 000 

— 

— 


— 


155 


CASUALTY LOCATION TOTALS 


22 


991,700 



.UNITED STATES SALVAGE AS SOC I AT 1 ON NC . 

DAMAGE SURVEY ANALYSIS 

8Y „ALL.eG£.C„CAUS£, CASUALTY LOCAT ION, _AND _V^S^_TYP.E 
JANUAK'i' 1971 TO 0ECEM8ER 197A 


VESSEL TYIie 


NUME£R__ 

CF CASUALTIES 


TOTAL ACTUAL _ _ RFP A I R . I lliE 

RE'pAIR costs for affected ELEHENTi 


. SOUTH .ATLANTIC US TIP.. 


1. GENERAL CARGO SHIPS 

3 

1A8. 100 

29. 


2. GENERAL CARGO SHIPS 

9 . 

203,900 

77 


3. TANK SHIPS 

1 

3,600 

3 


A, TANK SHIPS 

27 

1,08A,700 

351 


7- BULK CARRIERS 

18 

896,300 

lAO 


8. BULK CARRIERS “ OPE/OIL 

A 

87,200 

30 


9. BULK CARRIERS - SELF-UNLOAOERS 

3 

1A5,800 

26 


10- bulk CHEMICAL CARRIERS 

1 

A7.300 

10 


12. CONTAINER/CARCO SHIPS 

1 

180,900 

25 


13. CONTAINER SHIPS I EXC LUS I V EL Y3 

9 

301,700 

36 


16. PASSENGER SHIPS 

1 

75,AOO 

lA 


19. BARGE CARRIERS 

2 

61,100 

lA 


CASUALTY LOCATION TOTALS 

79 

3,2A1 ,000 

755 



SOUTH. ATLANTIC US 


2. GENERAL CARGO 

SHIPS 

6 

196,000 

31 

3- TANK 

SHIPS 


1 

A8.000 

6 

A. TANK 

SHIPS 


13 

8A6,100 

98 

7. BULK 

CARRIERS 


2 

20,500 

9 

8. BULK 

CARRIERS 

- ORG/OIL 

1 

23,100 

13 

9. BULK 

CARRIERS 

- SELF-UNLOAOERS 

1 

301,800 

A8 

10. BULK 

CHEMICAL 

CARRIERS 

1 

10,000 

3 



CASUALTY LOCATION TOTALS 

25 

1,A53,500 

208 


US NORTH ATLANTIC 


2. 

A. 

GE.NERAL CARGO SHIPS 
TANK SHIPS 





A, 2 00 
91,500 

2 

13 




CASUALTY LOCATION TOTALS 

3 



95,700 

15 

to 

u> 


C a’n AO A > 'AC’i’F f C'“ 

2,"GENERAL' CARGO'SHI PS 


1 


9,100 


5 



UNITEU STATES SALVAGE AS SOC I AT ION , . I NC .• 

DAHAGc SURVEY ANALYSIS 

BY AU^gGC-Q. CAUSE, CASUALTY LOCATION, ANO,.y.6.S.SEL_LYP_£ 

JANUARY 1971 TO DECEMBER 1979 


. . VESS£L..r.YPe 


— ... 

„ ..NOMBER 

OF CASUALTIES 

JO.TAL .ACTUAL 

REPAIR COSTS 

1 repair, jjf'e 

FOR AFFECTED ELEMENT 

9. TANK Ships 



3 

60.700 

2.Z 

7. BULK CARRIERS 



1 

8,000 

6 

CASUALTY 

LOCATION 

TOTALS 

5 

77,800 

33 

ST. LAWRENCE SEAWAY _ 

2. GENERAL CARGO SHIPS 



1 

10,600 

9 

CASUALTY 

LOCAT ION 

TOTALS 

1 

10,600 

9 


GREAT LAKES 

A. TANK SHIPS 



I 

95,000 

1 

7. BULK CARRIERS 



S 

89,500 

21 

9. BULK CARRIERS - SELF-UNLOaOERS 



1 

67,900 

9 

casualty 

LOCATION 

TOTALS 

7 

201,900 

26 

ATLANTIC EAST 

1. GENERAL CARGO SHIPS 


' 

3 

155,900 

19 

2. GENERAL CARGO SHIPS 



16 

■ “~29S;90b 

136 

3. TANK SHIPS 



1 

20,000 

7 

9. TANK SHI'SS 



27 

1,926,300 

278 

6. TANK SHIPS 



1 

319,900 

25 

7. BULK CARRIERS 



33 

2,150,900 

30l 

8. BULK CARRIERS - OREAOIL 



8 

927,600 

99 

10. BULK CHEMICAL CARRIERS 



9 

150,900 

23 

IT, CONTAINER SHIPS t E XC LUS I VELY ) 



10 

361,200 

79 

15. REFRIGERATED CARGO SHIPS 



9 

105,600 

20 

Casualty 

LOCAT ION 

TOTALS 

10 r " 

5.911,700 

977 

England 











, w 

9. tank ships 



3 

555,100 

9fl 00 

a. BULK CARRIERS - ORE/OIL 



2 

63,600 

19 

9. BULK CARRIERS - SELF-UNLOAOERS 



1 

90,600 

8 

12. CONTAINSR/CARGO SHIPS 



1 ■ 

■ ‘ ' 9,500 

'2 



yi^'F,r.eD„STaT€S. SSLVAG6 ftSSOCIATIOy,_INC._ 

CAMAGS SURVEY ANALYSIS 

.BY...ALLEGE C C AIJ S 6 , C A S U AU LV .. L.Q C. AT I CN ,_AN 0 VES SEL TY PE 

JANUARY 1971 TO DECEMBER 197™ 


_VESSeL_TYPE .. 


NUMBER, 

CP CASUALTIES 


-TOTAL. ACTUAL 

REPAIR COSTS 


REPAtR XJME 

FOR AF>‘iCTED ELEMENTS 


.13. .QONTAlNER-SHI.PS.jtE^CLySJVELYJ, 1 


.56,800 6 


.CASUALTY LOCATION TOTALS 8 


.7.20,600 &3_ 


NORTH SEA 



A- TANK SHIPS 

7. SULK CARRIERS 

A 

1 

1^,000 

73,100 

15 

U 

12. CONTAINES/CARCO SnlPS 

13. CONTAINER SHIPS ( EXC LUS I VcL Y) 

1 

1 

O 

o 

O' 

7 

CASUALTY LOCAT ION TOTALS 

7 

ALB, 700 

33 


BALTIC SEA 


2. general cargo ships 


1 

36A.OOO 

85 

A. TANK SHIPS 


2 

40,700 

6 

7. BULK CARRIERS 


2 

61,300 

17 


casualty location TOTALS 

5 

466,000 

108 


KSST.COAST OF .EUROPE 


... A. TANK SHIPS 


6 

285,800 

40 



7. BULK carriers’ 


2 

"■■21,4 00“ 

7 



.... _ B. BULK CARRIERS - ORE/OIL 


1 

1 1 ,800 

12 



CASUALTY LOCATION 

TOTALS 

9 

319,000 

■59 



1 

EUROPE, MEDUCR. 







2- GENERAL CARGO SKIPS 


5 

185,400 

58 



4. TANK SHIPS 


11 

430,200 

112 



Buck CAK^jBUii 


2 

36,200 

14 



3. BULK CARRIERS - QRE/OIL 


2 

120,500 

35 

to 


12. CONTAIN,-. R/C ARGO SKIPS 


1 “ "■ 

177,400 

21 

— -LO - 


15. REFRIGERATED CARGO SHIPS 


1 

4,200 

8 

i£> 


16. PASSENGER SH.IPS 


1 

7,00(5 

2 



! " ’ casualty'location 

totals 

23 ■ ” 

968,900 

2S0-' 

' 




UNITED STATES SALVAGE A S SCC I A T I ON , _ I NC 

damage SURVEV ANALYSIS 

iJY ALL£GEC_CAUSE, CASUALTY J. oca TJ on ,„AND.^£.S.S.5.U~L'GPE. 
JANUARY 1971 TO DECEMBER 1974 


VESSEL..TYPE 


NUMBER 

OF CASUALTIES 


TOTAL. ACTUAI REPAI R_,T.I ME- - 

REPAIR COSTS FOR AFFECTED ELEMENTS 


AFRICA, .KEDI.TER. 

4 . _ T A N K _.S H 1 P ^ 

CASUALTY..LpCAT]gN_TQTALS A 


149.700 31 

1^2 <7 0.0 3.1 


WEST AFRICA 


’ll GENERAL CARGO'SHIPS j- 

2. GENERAL CARGO SHIPS 1. 

4, TA.NK SHIPS J 

6- TANK SHIPS -V 

7. BULK CARRIERS \ 

8 . B,UL K _ CARR lER S - OR E/OIL 2 

CASUALTY LOCATION TOTALS 


47,000 
27,300 
b' 75 JO’OO 
_58,lOO 
7^000 
172, 700 


5 


4 


I6l 

5 


4 


33 


1,100,700. 


212 


TIP OF AFRICA 

1. "general cargo~shTp~s 

2. GENERAL CARGO SHIPS 

' ■■ ■ 4 . TAN.K SHIPS 

5. TANK Still'S 

6. TANK SHIPS 

7. bulk CARRIERS _ 

8T BULK"CilRIU.ERS -"ORS/OIL 


1 

7 

iT 

3' 

_2 

5 


■2,f00 

240,000 
11 3"; 30 o' 
45,900 
261", 'a OO' 
56,500 
■209,'10‘0" 


3 

45 

'i30' 

6 

" 2*2 

20 

—73- 


CASUALTY 'lOCAT ION tot'als 30 


1,074,500 


299 


EAST OF AFRICA 

2. general cargo SHIPS 

3. TANK SHIPS 

4. TANK SHIPS 

7. BULK CARRIERS 

8. BULK CARRIERS - ORE/OIL 


42,500 

14 


6,4 00 

- ^ 


996,900 

131 


371,000 



217,800 

34 



CASUALTY LOCATION TOTALS^ 


23 


1,635,400 


231 


PERSIAN GULF 




UNITED STATES SALVASI. ASSOC I AT ION, _INx-- _ 

- ■ DAMAGE SURV!:Y ANALYSIS 

□ V AiicTTtr rAlKc. CASUALTY LOCATION, AND VESSEL 

TYPE 


JANUARY 1971 TO 

OECEMP.ER 197A 



" - « ' - " - • * 

NIIMRFr^ 

TOTAL ACTUAL 

REPAIR. liPE 


CASUALTIES 

REPAIR COSTS 

FOR AFFECTED ELEMENTS 


'aI'tank ships 

7 

1 _ 

422 ,900 
14,800 

1 o 
.2 

fi- BULK CARRIERS - ORE/OIL 

1 

io'7,6oo 

97 

■■■■ CASUALTY LOCATION TOTALS 

9 

544 ,700 




1 

14,700 

2 

Q 

!• GENuKAL GAKUU on l r o 
7. BULK carriers 

1 

66,800 


1 

2 

81,500 

1 1 

f 

i.NUUiNr: o i.M .. — — 

3 

95.600 

10 

2. GENERAL CARGO SHIPS 

A 

1 

57,200 

59,900 

£ 2 
6 

A. ’ tank SH I PS 

7 

1 

401,800 

90,100 

V 12 

“ 1 8 

7. BULK CARRIERS 

2 

1 

83,800 

59,000 

0 

CASiiAi TY LOCATION TOTALS 

19 

847,400 

162 



AUST/NZ 




1. GENERAL cargo' SHIPS 

'i 

1 

12,500 

1,500 

2 

GENLRAL GAKbU oniro - 

'a. tank SHIPS 

r" 

A 

364,000 

107,400 

?9 

7 - RUI K LAKK 1 r.Kb .. — — — . — — 

■■ ■ 15/ REFRIGERATED CARGO SHIPS' 

2 

10,500 


■ ■ 'CASUALTY LOCATION TOTALS 


57S;900 

___ 

- - 



.pi 


NORTH PACIFIC . . — — — 


1. CeNCRAL CARGO SHIPS 
2 - GENERAL CARGO SHIPS 


3 

15 


81,500 

277,200' 


A5 
7 A 


UNITED STATES SALVACE AS SOC I AT I ON, _ I NC , 

DAMAGE SUAVE/ ANALYSIS 

BY ALL EC.EC_CAUSE , CASUALJ_Y_,,QCATJON,_/LND_J/E_SASL JYJLS^ 
'JANUARY 19*71 TO DECEMBER 197A 


VESSEL. TYPE 


HUMBER 

OF casualties 


3, TANK SI.I1PS , 1 

A- TANK SHIPS 13 

7. BULK CARRIERS . , , _..i6 

8. BULK CARRIERS - ORE/GIL ^ 

9. SULK CARRIERS - SELF-UNLOAO£_RS 1. 

11. "liquid gas CARRIERS 1 

12. CGNTAINER/CARGO SHIPS _ ? 

13. CONTAINER SHIPS I EXCLUS IVELY) 2 

IS. REFRIGERATED CARGO SHIPS 1 

18. AUTOMOBILE, ROLL-dfi/ROLL-OFF CARRIERS 1 

19_^ BARG E CA RRI ERS 2 


TOTAL ACTUAL REP.AIR..TJM.E 

REPAIR COSTS FOR AFFECTED ELEMENTS 


76,000 12. 

1,A90.,200 303 

_A88,100 80. 

209,806 IT 

1 , 9 CO A 

120,800 38 

90,100_ 15. 

76,300 7 

3,7 00 __ .1. 

lA,r6'6 10 

3A,800 10 


CASUALTY LOCATION TOTALS 62 


2,96A,5G0 


616 


ALLEGED CAUSE TOTALS 


570 


27,078,900 


5,020. 



UNLTEO 5TATES SALVACE AS SOC I A T I ON _1 NC 

CAI^AGE SURVEr ANALYSIS 

0Y_ALLEtEC_CAUSe, CASU AL r Y_LOC AT ION ,_JNO_yiSS.EJJ Y£= 
JANUARY 1971 TO DECEKBSR 197A 


• VESSGL._TYPri 

AT E!i I AL _F A I L URE , VE SSE L. . S TRUC TUR S ANO.. E.CULPKSM. 


NUM8ER _ ___TQTAL.ACJUAL EGR AJ R-I.'.ilE 

"casualties ~ ’ REPAIR COSTS FOR AFFECTED ELEMENTS 


CANADA PACIFIC 

A. .TANK SHIPS 2 

7. BULK CARRIERS I 

CASUALTY LOCATION TOTALS 3 


^0,900 

8,000 


18 

3 


A6,900 


21 


US.PACIFIC 

1. GENERAL CARGD_SHJPS 

2. "general carg'6 shiFs 

3. TANK ships _ 

A ."'tank ships 

7. BULK CARRIERS . 

’l?. CONTA INER/CARGO SHIPS 

13- container ships (EXCLUSIVE LY) 

i7-‘ RAILROAD CAR FERRIES 

18. AU1GMQ5II.F,. R0LL-QN/RQLL“0FF_CARRIERS 
"19,’’BARG£ carriers 


_2 

23" 

_6 

2 

_2 

6 


1 

1 

3 


__26,000 LO 

AA7,“000 171 

255,300 SA 

168,900 15 

AA,AOO I A, 

'183,300 37 

j656,6C0 38 

20,000 5 

_ 1.,2 00 1 , 

'745^2 00 A1 


C A S U A L f Y "l 6C A 1 1 on" f b 'r A L S 51 


2,5A8,AOO 


386 


EAWAI 1. 


1- GENF.RAL CARGO SHIPS _ 1 

2. "general CARGO'SHIPS 1 

12._C0NrAlN£R/CARG0 S_HI_^ ± 

'l6l PASSENGER 'SHlP's"" ' I 2 

18- AUTOMOBILE, ROLL-ON/ROLL-OFF. CAR.Rj.6RS I 1 

CASUALTY LOCATION TOTALS 9 


_A,A00 _ 3 

S’^S'OO 2 

209 ,800 3^ 

17'8,eo'0’ lA 

_A6,6 00 AO 

AA5.100 91 


'pacific cal'. TO PANAriA " " 

1- general cargo SHIPS 
2. GENERAL CARGO SHIPS 
A. TANK SHIPS 

7. BULK CARRIERS 

"'12.' CONTAIN£R/CARCO“SHj.PS 
13. CONTAINER SHIPS (EXCLUSIVELY) 

15. REFRIGERATED CARGO SHIPS 




AA,300 



22 CO 

793, A 00 

151 

216,100 

2 ‘a 

185,200 

lA 

277,800 

63 

308,400 

36 

■ 27,700 

17 


UNITED STATES SALVAGE: AS SOC 1 AT IONi_ I 

damage survey analysis 

6Y AL.L£GEC_CAUS!:, CASUALTY. L0CATJ0Ni-At.'lP_J/-e.S-SE.L_O.P5 — 

JANUARY 1971 TC! OECEMEGR 197A 


VESSEL TYPE 


_ tVUMEER total. actual 

bVcASUALTIES REPAIR COSTS 


___REPAIR. TJME 

FOR AFFECTED ELEMENTS 


16. PASSENGER SHIPS ‘ 

19. BARGE CARRIERS 

■ C ASU ALT Y“LOCArlbN“ totals" A 2 


215,5.00 

617, AOO 90 


2,690,800 


A27 


PACIFIC SOUTH A.MERICA 

2. GENERAL CARGO SHIPS 

7. BULK CARRIERS 

■ CASuTLTY”rorAflbirTo^ 


93i500 TO 

105,600 22 


199,100 


32 


SOUTH TIP OF SOUTH AMERICA 

A. TANK SHIPS 

■ 7.'~e'JLK CARRIERS 


1_60_,3 00 

"a ,2 00 


li 

5 


CASUALTY LOCAf iON'TCTALS 6 


166,500 


83 


A TLAU T 1 C_ SOUl II , AME R I C A 

2. GENERAL CARGO SHIPS _ __ 

'6. TANK SHIPS Z 

7. BULK CARRIERS f 

■~8.''BULK CARRIERS - ORE/OIL | 

1 9^BARGE_C ARR 1 ERS L 

CASUALTY LOCATION TOTALS .11 


6 , 6 00 3 . 

I99',700 "" 123 

_68,600 li 

IS'iAOO 3 

61,3 00 . 13 


336,200 159 


GULF AND CARftIBBEAN 


1- GENERAL CARGO SHIPS 

2. GENERAL CARGO SHIPS 

3, TANK SHIPS 

6. TANK SHIPS 

7. BULK CARRIERS 

8. BULK CARRIERS - ORE/OIL 
■■■■ 9 : BULK CARRIERS - SELF-UNLOAOERS 

10- BULK CHEKI.CAL CARRIERS 

13. CONTAINER SHIPS (EXCLUSIVELY! 


... 

26 

1C 

26 

11 

1 

... - - 

■'136,600 
560,000 
312,600 
1,081,300 
■ ■ 208,500 

13,600 

21 

169 

97 

215 

■ "103 

8 

1 

1 1 

t : 

s" 


508,200 

39 


2 


31 ,900 

32 


3 


216,300 

16 




UNI.rED STATES SALVAGE ASSOCIATION, INC- 
CAMAGE SURVE'' ANALYSIS 

B.X .ALL EG.E.C JLAUS.E i.JI.ASUAL TV .1 OCAT ION , AND V ESSEL TYP E 

JANUARY 1971 TO DECEMOER 1974 ' 


VESSEL .TYPE 

NUMBER 

OF CASUALTIES 

' TOTAL ACTUAL 

rep'air costs' 

REPAIR TIME 

FOR AFFECTED ELEMENTS"" 

15. .REFRIGERATBO CARGO SHIPS 

2 

43.000 

14 

13. AUTOMOBILE, ROLL-CN/ROLL-QFF CARRIERS 
. 19^ _BARGE. CARRIERS 

i 

3 

49,200 

49,200 

i 

10 

- - . CASUALTY LOCATION TOTAI S 

93 

3,208,600 

725 


south’atla.ntic us" tip 


2. GENERAL CARGO SHIPS ““ ' 

3. TANK SHIPS 


3 

3 

120,000 
151 ,200 

22 

28 

4- TANK SHIPS 
6.__TANK SHIPS 


7 

1 

264,500 
71 ,000 

86 

7 

7. BULK CARRIERS 

a... BULK CARRIERS - ORE/OIL 


4 

1 

131,200 

38,900 

22 

18 

12. CONIA INER/CARGQ 5H1.PS 
L3j:_.C0'ITA I Nc R SH] PS I EXC LUS I VE LY) 


1 

5 

402.400 

361.400 

8 

35 

1j^ iNCrKlOERAiLO Sill 


1 

50,000 

6 

CASUALfy LOCATION' 

TOTALS 

26 

1,590,600 

232 

south ATLANTIC US 

2. general cargo ships 


7 

434,400 

52 

4. TANK SHIPS 


3 

7 

73,900 

196,600 

13 

66 

/ ^ Bulk carriers 
10* aULK CHEMICAt CARRIERS 


3 

2 

23 7,400 " “■ 

28,100 

2 3 
6 

13. CONTAINER Ship's (EXCLUSIVELY) 

18- AUTOMOBILE, ROLL-pON/ ROLL-OFF CARRIERS 

1 

1 

3 

23,000 

335,800 

7 

74 

CASUALTY LOCATION 

T 

TOTALS 

26 

1,329,200 

241 


'us'NORTtrATLANTic " ‘ 

1. general cargo ships 

2. general cargo ships 

3. TANK SHIPS 

_4_^ TANK SHIPS 

5. 'tank “ships 

7. BULK CARRIERS 

8. BULK CARRIERS - 


2 ■ ■“ 417,500 

. 1.. _ _ 67,500 

2 42,900 

ii 337,100 

2 246 , 2“C0“ 

4 _ 116,200 

2 26,100 


■■ "55 
• _ 9 
25 
80 
35 
12 
15 


Ln 


ORE/OIL 


UNITED STATES SALVAGE AS SOC I A T I ON , . I NC , 

DAMAGE SURVEY ANALYSIS 

BY ALLEGBC CAUSE, CASUALTY LOG AT ION , . AND_V£_SS£L„IYP£ 

"" JANUARY 1971 TC DECEMBER 197A 


VESSEL TYPE 


....NUMBER .... 
CF CASUALTIES 


TOTAL ACTUAL 
REPAIR COSTS 


REPAIR TIRE... ... 

FOR AFFECTED ELEMENTS 


1C. BULK CHEMICAL CARRIERS 3 

11. LlOUin GAS CARRIERS 1 

13. CONTAINER SHIPS ( GXC LUS I VE.LY).. 2 

15. REFRIGERATED CARGO SHIPS 1 

1 9 . AUTC.MOD ILE. ROL L-CN/RCLL-O FF CA RRIERS 2 


75,800 

22 

10,000 

3 

850. ACO 

22 

57,700 

15 

36.300 

5 


._CASUALTY_LOCAT igN..TCTAL_S 33 


2.i2 83,7C0 


293 


CANADA pacific' 

A.' TANK SHIPS 3 

12. CONTAINER/CARCO _SMI P_S 1, 


isTioo 8 

_6,ggo .5 


CASUALTY .LpCATION T OT A L S A 


21,100 


13 


ST. LA-rtREMGE SEAWAY 


'2. general CARGO SHIPS 

7. BULK CARRIERS 



1 

1 

1 

1 

1 

i 

1 

r 

1 

KM 

1 

1 

i 

1 

65,'SOO 

5,700 

lA 

A 


9. BULK carriers'- SELF-UNLOADERS' 



1 

193, Abo 

io 


CASUALTY 

LOCAT ion' 

TqIta'ls 

A 

269,900 

28 


r.RFAT 1 AK=S „ _ _ 

A. TA.NK SHIPS 



A 

93,000 

32 


7. BULK CARRIER'S 

9. BULK CARRIERS - SELF-UNLOAOE RS 


1 

6 

9 

113,600 

256,000 

AB 

75 


CASUALTY 

LOCAT ION 

i 

TOTALS 

19 

A62,60Q 

155 



'■ 'ATLanI IC EAST 

2. GENERAL CARGO SHIPS 

3, TANK SHIPS 



A 

3 

229,200 

76,800 

■ A7 ■ 

20 

to 

cn . . - 

A. TANK SHIPS 
7. BULK CARRIERS 



5 

851,800 

52A,A00 

192 

51 


■ '■■■ ' "8. flULK CARRIERS - OREyOIL 

9. BULK CARRI.ERS ~ SELF-UNLOAOERS 



1 

1 

1.36,000 

13,200 

10 

3 


13. CONTAINER SHIPS 1 EXCLUS I VELY) 



2 

1,171,800 

29 




UNITED STATES SALVAGE AS SDC I AT ION,, ..INC. 

CANAGE SURVEY ANALYSIS 

ALLliGEC_C6USE, CASUALTY. .LOG AT ION ,_ANO_JiE.S.S.EL_iyP_£ 
JANUARY 1971 TO DECEKBER 197A 


• . VESSEL -TY.PE. 

— 

— 

NUMBER 

OF CASUALTIES 

TOTAL. ACTUAL 

REPAIR COSTS 

REPAIR TINE 
FOR AFFECTED ELEMENTS 

1 c; R F PR i r.PR & TFn ffiscr khips 



2 

10,800 

7 

” ” 19. BARGE CARR! ERS 



1 

19,700 

2 

CASUALTY 

LQCAT ION 

TOTALS 

3 5 

3,038,700 

361 


2. general CARGO SHIPS 



3 

59,800 

33 

A. TANK SHIPS 



7 

3 80,70'0 

87 

13. CONTAINER SHIPS 1 EXC LUS I VE LY ) 



2 

3 34 * 4 00 

23 

CASUALTY 

LOCATION 

TOTALS 

12 

77A.900 

1A3 


NORTH sea” 

27'GGNETAL‘TAR'GC“s'Hip‘S 
A. . TANK._SH.I PS 


1 21,000 12 

1 5 - 


£^§y*LII_t9GATIGN_T0TALS 


33.AOO 


15 


BALTIC SEA 


’l." GENERAL CARGO 'SHIPS 2 

2. GENERAL CARGO SHIPS 1 

A. tank ships 2 

_7. BULK CARRIERS L 

'eV'BuLK''CARRi=ks - orT/oYl 1 

13. CONTAINER SHIPS (EXC LUS I VE L Y 3_ 1 

15- REFRIGERATED CARGO 'SHiPS' ' 2 


156,200 

17 

39,200 

5 

23i,50b 

10 

28,200 

2 

21,200 

2 

7,900 

5 

51,700 

ii 


"casualty'location totals 10 


327,900 


52 


WEST coast or EUROPE 

2. GENERAL CARGO SHIPS 

3. tank ships 

A. TANK SHIPS 

5- 'tank 'SHIPS 

6. TANK SHIPS 

7. BULK CARRIERS 


5 

■ 1 
21 
r 
_2 
'2 


A13 ,«00 
■■ 10,800 
1,23 0.800 
22,5'oor 
168,200 
'68,3 00' 


_90 

162 

6 

17 

“i? 


N3 

iCi. 


REPEODUOlBliiiTi' OF THE 
ORIQiNAL PAGE IS POOI^ 


UNITED STATES SALVAGE ASSOCIATION, INC- . . . 

DAMAGE SURVEt' ANALYSIS 

nv nil pr.pr raiitP. I'A'tHAl TY ' OCATION. AND VESSEL TYPE .. „ — 


’JANUARY 1971 TO DECEMBER 197A 



- 

VESSEL TYPE NUMEER. 

OF CASUALTIES 

TOTAL ACTUAL ... 
REPAIR COSTS 

REPAJB.J.t^'E 

FOR AFFECTED ELEMENTS 



1A3,500 

2.3___ ' 

13- 

15. 

CONTAINER SHIPS (EXCLUSIVELY) 1 

Q cce I r:c B A Tpn tarat rhip"; 1 

33,300 

12,800 _ _ . 

11 

5 

CASUALTY LOCATION TOTALS 37 

2.109,000 

337 





EUROPE, 

MEDITER. 



2. 
A • 

GENERAL CARGO SHIPS * 

TANK SHIPS 23 

i32,70'6 

799,200 

78 

238 

7. 

8. 

15. 

16- 

19. 

BULK CARRIERS 3 

FUll K TARfilFP-S - flRF/OIl. 9 

80,700 

269,700 

15 

35 

REFl^lG^aATEC CARGO SHIPS 

D A c Mr:c: I? 3 

69,500 

369,800 

38 

31 

BARGE CARRIERS 2 

1,060,900 

18 


casualty LOCATION TOTALS AS 

2,777,000 

953 


AFRICA, MrOITCR. 

A. TANK SHIPS 


120 ,500 


15 


CASUALTY LOCATION TOTALS 2 


WEST AFRICA 


2'. 'GcNSRAL'CARITQ ships'" ■ 3 

A . TANK SHIPS 

8. BULK CARRIERS - ORE/OIL 2 

15. REFRIGERATED CARGC SHIPS \ 


120,500 


15 


55,700 

12 

191,500 

71 

8,000 

13 

59,300 

IS 


CASUALTY LOCATION TOTALS 


lA 


2 6 A, 5 00 


m 


TIP OF AFRICA 

1. GENERAL CARGO SHIPS 

2. GENERAL CARGO SHIPS 


I 

1 

'll 


AA,200 

18,700 

"3AT',500' 


12 

10 

'79' 


to 

CO 


CASUALTY Location totals 


13 


- AO A, A 00" 


lO'l 





.... 

UNITED STATES SALVACE ASSOC lAT ION, .INL, . 
DAMACE survey ANALYSIS 

RY AIL^GEC CAUSE, CASUALTY LOCATION, ANO VESSEL 

TYPE 





JANUARY 1971 TO OECEMEER 197A 




VESSEL TYPE 

NUMBER 

TOTAL ACTUAL 

EpP.AJE_IXt:5 

, 



OF CASUALTIES 

REPAIR COSTS 

FOR AFFECTcD cLcMcNTS 








t A 0 , 

2 , 

r.EMFRAI CARGO 

SHIPS 

A 

1 IA.900 

27 

A. 

’"tank ships 

T A N5W Cm T P ^ 


1C 

1 

978,900 

10,500 

17a 

3 

7. 

8- 

BULK 'carriers' 
Rill K r.ARRT.ERS 

- ORE/OIL 

A 

1 

IA7.500 

19,100 

33 

5 



CASUALTY 

LOCATION TOTALS 20 

1,278,900 

242 







■■ 'pERSI’aN ■ 

GULF 





2. 

3 . 

GENERAL "CARCd' 
TANK SHIPS 

SHIPS 

1 ■ 
1 

AO, 300 
2,900 

' 6 
8 

VI 

6- 

'“Ta'mk'”SHI PS 
TANK SHIPS 


13 

3 

4,268,200 

230,900 

24 5 
42 

8.' 

BULK ’CARRiERS' 

■-"ORE/biL 

A 

AliSiDO 

8 



CASUALTY 

location TOTALS 22 

4,583,900 

309 

<;PA np ft 

cfiGAL 


c 



1 . 

CE.N‘=RAL CARGO 

SHIPS 

2 

A26.800 

26 

2 , 

A . 

GENERAL CARGO 
TANK SHIPS 

SHIPS 

5 

A 

■*60,800 

36,900 

20 

13 

7. 

"bulk 'carriers' 


2 

148,800 

24 



CASUALtY 

LOCATION TQT'ALS 13 

673,300 

88 


INDONESIA 

2 . general cargo ships 

■ 3 . TANK SHIPS 
A. TANK SHIPS 
7. RULK CARRIERS 

a. BULK CARRIERS - QRE/OIL 

'13. CONTAINER SH I P S ‘ ( 5XC LUS I VCLY )' 
15. REFRIGERATED CARGC SHIPS 


a 

2 

0 

3 

2 

1 

2 


500,300 
8A ,300 

335.500 
2 A, 7 00 

110.500 

s'tTboo 

69,600 


82 
"12 
1A3 
■ 'll' 
ir 
6 
6A 


to 

it. 

ID 


CASUALTY LOCATION TOTALS 


26 


1,190,700 


328 




151,400 


NORTH PAC IF IC 


GSNERAL cargo ships 74 

tank ships [- 

TANK SHIPS g 

BULK CARRI.ERS' ^ 3 - 

6 ULK CARRIERS - OREyOIL 1 

CON fAI.N£R/CAP,GO Sh'I p’s” 7“ 

CONTAINER SHIPS (EXCLUSIVELY) 7 

refrigerated'cargo ships 6 ' 

BARGE CARRIERS 5 


CASUALTY LOCATION TOTALS 


516,900 

' s'.ooo" 

604,300 
79,700" 
_22,_4 00 
3l'3‘,600'' 
259,600_ 

' 155 ", 2 06 

573,100 


2,530,000 


4. TANK SHIPS 

_10^aULK CHEMjCAL_ CARRI ERS 

iT. U0Ul’0”:GAS‘"£ARR!ERrS' 


43,000 
_12i ,900_ 

ri3';iob 


278,000 


CASUAL! Y" LOG ATI ON"TCrALS 
ALLeCED’CAUSE ’TOTALS 


664 


36,133,200 


6,130 


N) 

or 

o 




BY A! 

„,UN! r.EO.STATES 
CAM AG 

L.L.EGEC„CAUSE, , CA 
d'ANUARY 

SALVAGE ASSOCIAT ION,„ INC, 

E SURVEY ANALYSIS 

SUALTY location, and vessel 

TYPE 




1971 TO OECCKUER 19 74 



.L. OTHERS 

y.£.s.s.GL_tYpg 


_NUHBEa ^ ^ _ 

OF CASUALTIES 

_ TO lAL, ACTUAL 

■ REPAIR COSTS 

REPAIR TIMS 

FOR AFFECTED ELEMENTS 

ALASKA 






1- 

general CAP^GO ships 


1 

17,300 

13 

3. 

TANK SHIPS 


2 

41,700 

5 

A. 

TANK SHIPS 


3 

1, 623,600 

137 

7. 

BULK CARRI.SRS 


1 

14,400 

1 


casualty 

LOCATION TOTALS 

? 

1', 697, 200 

156 

CANADA P AC 1 F 1C 

2. 

GFHERAL cargo ships 


6 

888,900 

28 

A-' 

tank ships 


2 

90,900 

23 

7. 

SULK CARRIERS 


2 

80. ICO 

24 

9. 

RULK CARRiC-RS - SE LF -UNL'OADERS 


1 

30,000 

6 

12- 

CONTaINcR/CaRGO SHIPS 


2 

34,400 

10 


CASUALTY 

LOCATION totals 

13 

1.124.300 

91 


US PAG IF 

1C 


- 


■ 

U 

GEMGRAL cargo SHIPS 

• 

2 

36,500 

15 

2. 

ccneral casco ships 


17 

373,900 

86 

3. 

TAMK SHIPS 


9 

194. 9C0 

46 

* 

TANK SHIPS 


9 

1,966,900 

82 

7, 

BULK CARRIERS 

* 

3 

104,900 

17 

9. 

BULK CARRIERS - SCLF-UNLOADERS 


2 

27,900 

8 

12* 

CONTAInER/CARGO SHIPS 


13 

700,000 

133 

13, 

CONTAINER SHIPS {EXCLUSIVELY) 


. 7 

417,900 

67 

16- 

passenger ships 


1 

11,400 

6 

1ft- 

automobile, rqll-cnvrcll-cff carriers 

1 

18.700 

10 ' 

19. 

barge carriers 


2 

62,000 

14 


casualty 

LOCATION TOTALS 

69 

3,915,000 

484 


• K> 

HAKftll _ . _ __ _ W ^ 

1. G'^NCRAL CARGO SHIPS 1 10'., 300 10 

?. GCMCRAL cargo ships ~~ A ■■ ■ 126. SOO “ 10 

3. tank ships _ 1 _ _ 1,300 

t. tamk <;hipS ” 1 693'',‘5C0 ~ ~ 76 


Ut^iTHD STATES SALVASE AS SCC [ A TION , . I AiC . . 

ff' ■■ ■ damage survey analysis 

RV AU EGEC CAUSE. CASUALTY LOCAT IC'N, . ANO ,VE15EL 

TYPE 


JANUARY 19 71 TO 

OECEMtlER 1974 



- 

- 

.... 



NUMBER 

TOTAL ACTUAL 

REPAIR. IJ.YE 

' Vc t J Jr ~ 

OF 

CASUALTIES 

REPAIR COSTS 

FOR AFFECTED ELEMENTS 


1 

..27,00P__;__ 

» 

12. CONTA 1 NgR/C ARGO SHIPS — 

n. container ships [exclusively) 

2 

j 

4T,6G0 
14 ,500 

S 

1 

, 16. passenger ships 




r/.oiAiTV inrATinM TflTAl S 

11 

1 ,014.700 

105 


PACIFIC CAL. TO PANAMA 

i.'CENSSAL CARGO SHIPS 

2 

8 

29,900 

129.800 

12 

6i 

" “ 3. TANK SHIPS 

2 

A 

232,100 
247, 300 

37 

41 

V. SULK CARRIERS 

7 

5 

471,200 

817,300 

53 

30 

10. SULK CHEMICAL CARRIERS 

1 

2 

40.700 

75.700 

9 

12 

13, CONIMNER SH i P S' ( E XCLUS I VELY) 

2 

2 

49,600 

158,500 

14 

19 

■ IB.' A'JTQMOEiLE, P.CLL-’CN/RCLL-CFF CARRIERS 

1 

1 

2l2-.80,0 

916,200 

24 

102 

CASUALTY LOCATION TOTALS 

34 

3,381,100 

4 14 


' PACIF !C 'south AMERICA 

" ■ 2- CrNSRAt CARCO ShlPS^"^^ 

4 TAMy 

li 

2 

533.300 

403.300 

56 

. CARRIERS "■' 

13. CCNUINER ships (EXCLUSIVELY).. 

15. RcPKIGERATEO CARGO SHIPS 

1 

1 

27,700 
373, 7C0 

6 

30 

' A 

4,614 ,900 

74 

•- ■ • “ CASUALTY’LOCAT'lbfrtOTALS 

19 

5,954,900 

259 

SOUTH TIP OP SOUTH AMERICA 



" to " ' 

2- GENERAL CARCO SHIPS . . * 

A. TANK SHIPS 
7 Pii! k fASRIERS 

2 ■ 

444 , 700 

52 ui 

3 

1 

48,500 

20,100 

, 26 
u 

9. SULK CARiU.ERS - SELF-UNLOACcRS 

16. PASSENGER SHIPS . .... 

1 

1 

20,000 

3,500 

3 

3 


CASUALTY LOCATION TOTALS 


8 


536,600 


92 



'i , UN1,IED„ST ATES, SALV^Ce ASSOC lA'T !QN,_!.NCt. 

„ CAMAGE SURVEY ANALYSIS 

- ■ 6Y ALlECeC CAUSE. CASUALTY LOCATION, AND VESS EL TY PE 

JANUARY 19TI 10 OECcKBER 197A 


VESSEL ..TYPE 


NUW6FR 

OF CASUAL ffES 


TOTAL ACTUAL • _ REPAl R.T.IPE 

REPAfft costs'” FaR~AFFecfEO ELEHENTS 


A tLAN TIC. SOUTH . AKSft IC A 


1, general cargo ships 

1 

6,900 

4 

2. GENERAL CARGO SHIPS 

1 1 

243,300 

74 

4. TANK SHIPS 

4 

99,000 

64 

7. BULK CARRIERS 

4 

152,600 

19 

8- BULK CARRIERS - ORE/OIL 

3 

335 ,800 

37 

9. eULX CARRIERS - S'SLF-UNLOADERS 

2 

862,600 

63 

15. RSFRICBaATEC CARGO SHIPS 

3 

41,800 

S 

IS. PASSENGER SHIPS 

2 

7,400 

i 

CASUALTY LOCATION TOTALS 

30 

1,804,400 

270 


GULr.ANp, CARR I CBS AN, 


1. GENERAL CARGO SHIPS ‘ 

12 

609,300 

04 

2. general cargo ships 

66 

2,152 ,800 

243 

3. TANK SHIPS 

5 

204,500 

16 

4. TANK SHIPS 

72 

3,004 ,500 

810 

6, TANK SHIPS 

1 

185,000 

10 

7. BULK carriers 

4 5 

4,263,800 

4 69 

8. SULK CARRIERS - OP.l/GIL 

6 

142,800 

26 

9. BULK CARiUERS - SELF'-UNLOAOERS 

5 

3,070,400 

293 

1C. BULK CHEMICAL CARRIERS 

<5 

352,400 

£6 

12- containfr/cargq ships 

4 

129,700 

13 

13. container ships (EXCLUSIVELY) 

7 

626,400 

29 

15. REFRIGERATED CARGO SHIPS 

7 

114,500 

20 

16. OASSENGCR SHIPS 

2 

21,200 

15 

19. BARGE carriers 

3 

107,000 

20 

CASUALTY LOCAfiCN TOTALS 

246 

15,670,100 

2,134 


SOUTH ATlaNIIC us IIP 


1. GENERAL CARGO SHIPS 1 

'■ '2- ‘GENERAL CARGO SHIPS" ~ "" ' 7 

_A. TANK SHIPS 

7 .“'bulk 'carriers” ■■ ■ iT 

8. BULK CARRIERS ^ ORE/OIL 3 

9. BULK CARRIERS ~ SELF~UNLO‘aOSRS ‘1 


t\j 

95,500 . lA 

A 16, 000 ' 

j^72,7oo__ m 

6'32’.600 106 

1A7,600 27 

I'aTO’OO '14 . 


/} UN’IJED STATES SALVAGE AS SOC J A T ION, _ I NQ . 

CAMAGE SURVEY ANALYSIS 

BY. AJ-LEG6C..CAUS6, CASUALTY LOCATION. AND VESSEL TYPE 

JANUARY ion TO CECEMSER 197A 


- - 

. , .VESSEL .type 

NUMSCR 

OF CASUALTIES 

TOTAL AC.TUA! 

' REPAIR COSTS 

Se.P.AIR TJl^E 

TOR AFFECTED ELEMENTS 

IC. 

ll. 

13. 

SULK CHEfsicAL Carriers 

LIOUIO GAS CARRIERS 
container SHIPS lEXCLUSIVELY) 

2 

1 

5 

5U.2O0 

12,000 

723,300 

96 

10 

50 

13. 

AUTQM03ILC, ROLL-ON/ RDL L-CFF CARRIERS 

1 

300,900 

6 


CASUALTY LOCATION TOTALS 

A8 

9,733,800 

590 


SOUTH, ATLANTIC. US 


1. 

GENERAL CARGO SHIPS 

a 

512,200 

39 

2 . 

GENERAL CARGO SHIPS 

9 

2,861,200 

5 7 

3. 

TANK SHIPS 

2 

265,700 

15 

4. 

TANK SHI3S 

13 

1 ,638,700 

162 

7. 

BULK CARRIERS 

8 

130.000 

35 

9. 

SULK CARRIERS - SELF-UNLOAOERS 

1 

183,800 

8 

10. 

BULK CllE'lICAL CARRIERS 

2 

130,800 

27 

13. 

CONTAINFR SHIPS {EXCLUSIVELY) 

3 

3,969,800 

10 

15* 

REFRIGERATED CARGO SHIPS 

2 

181,200 

8 

18. 

AUTOMOBILF, ROLL-CN/kOLL-OFF CARRIERS 

1 

22,000 

3 

19. 

BARGE CARRIERS 

2 

19.9C0 

IQ 


casualty location totals 51 9,A15,3G0 '39A 


US NORTH 

1. 

2. 

ATLANTIC 





GENERAL CARGO SHIPS 
general CARGO SHIPS 

5 

19 

967,100 

1,376,700 

' ' 53 

87 


3- 

tank SHIPS 

3 

61,500 

1 


9. 

tank ships 

A6 

6,202,300 

369 


7. 

BULK CARRIERS 

15 

820,200 

123 


8. 

BULK CARRIERS - ORE /OIL 

9 

375,800 

12 

' 

9 . 

BULK CARRIERS - SELF-UNIQAOERS 

3 

78,200 

20 


LC. 

BULK CHEMICAL CARRIERS 

9 

227,900 

18 


Ll, 

LIOUIO CAS CARRIERS 

1 

6,000 

10 


12. 

CnriTAIHER/CARGO SHl.PS 

9 

900,100 

6 


13. 

CONTAINER SKIPS {EXCLUSIVELY) 

9 

3,319.100 

'83' 


15. 

REFRIGcRAlED CARGO SHIPS 

1 

20,600 

, 

to 

16. 

PASSENGER SHIPS 

1 ‘ 

' " 145,900 

" lO" 

U1 

LA. 

AUTOMOBILE', RCLL-CN/RCLL-CFF CARRIERS 

1 

86.200 



19. 

BARGE CARRIERS 

2 

55,700" 

7 



CASUALTY LOCATION TOTALS 

"113 

"13,692,800“" 

799 

— — 



't 


UNITED STATES SitVACE AS SOC I A T ION , I MC 

damage SUftVEr ANALYSIS 

ST £LU5EC_CAUSE, CASUALTY LOCATiON. AHD VESSE L TY PE 
J AMU ARY 19 71 TO CCCEKEER 19 7'. 


VESSEL type ■_ __ _ NUMBER T0TAL_A.C TUAL . ,’_REPM!i-I I 

OF CASUALTIES , REPAIR COSTS EOR AFE5CTEO ELEMENTS 


CANADA PACIEIC. 


2. GENERAL CARGO SHIPS 

5 

351.000 

63 

'3. tank ships 

1 

1.2 00 



6 

901,100 

95 

7. BULK CARRIERS 

16 

1.659.2C0 

175 

a. SULK CARRIERS - ORE/CIL 

2 

A'69,500 

25 

"■ 9 I SULK “CARR)Ei<S“-''SELf=-UNL6A0ERS" 

2 

60,500 

12 

15- R6FR IGERAT&D CARGO SHIPS 

2 

1,171,600 

20 


CASUALTY LOCATION TOTALS 3A ' A, 593, 900 390 


' sT-TAft’SHMce " seavay'" 


2* 

‘g e ne rTl" c’argq” 

SHIPS 



7 

227,600 

36 



TANK SHIPS 




1 

3,600 



~ 

TANK SHIPS 




9 

■ 980,360 

100 


7. 

SULK CARRIERS 




ll 

666,800 

72 


0 

* 

SULK ’carriers' 

*• ORt/OIL 



• 1 

600 

i 


9. 

SULK CARRIERS 

- SSLF-UNLOAOERS 



3 

123,600 

25 




casualty 

LOCATION 

TOTALS 

32 

1,800,100 

236 











GREAT LAKES 

2. 

GENERAL CARGO 

5H! PS 



1 

20,600 

5 


A. 

TANK SHIPS 




2 

19,300 



7. 

SULK CARRIERS 




" 67 

2, 602, SCO 

261 


9- 

SULK CARRIERS 

- SSLF-UNLOADERS 



13 

1,805,200 

333 




CASUALTY 

LOCAT ION 

totals 

63 

6,668,100 

599 











ATLANTIC 

EAST 






10 

to 

VI ! 

1 . 

GENERAL CARGO 

SHIPS 



1 

171,000 

U1 

2. 

general cargo 

SHIPS 



5 

667,900 

16,5 


6. 

UNK SHIPS 




15 

1,806,900 

298 


6- 

TANK SHIPS 




1 

182,200 

2 


7- 

SULK CARRIERS 




’ll 

“ ■ ■ 1,753,000 

216 



UKITEC STATES SALVAGE AS SCC I A T ION , . 1 NC - 

DAMAGE SURVEY ANALYSIS 

UY ALL£GEC_CAUSE,._CASUAL.T.Y .LOCAT 10M,_AN0_.VES$=]._.LYPE 

JANUARY L971 TO DECEMDER 1974 


VESSEL TYPE 


^UMPCR ..._JQTAL .actual RE PAIR- TIME 

OF CASUALtTeS , REPAIR COSTS FOR AFFECTED ELEMENTS 


8. BULK CARRIERS - ORE/OtL 

9. BULK CARRIERS - SCLF-UNLOADERS 

10. BULK CHEMICAL CARRIERS 

13. CONTAINER SHIPS t EXCLUS I VCLY) 

15. RC'^RIGERATED C A.R.GC_.SH.!f.S 

19. BARGE CARRIERS 


6 

2 

2 

i 

_3 

1 


961 ,400 
163,300 
92.000 
43,500 
.136,300 
104 ,900 


26 

10 , 

19 

21 

15 


CASUALTY L be AT Von totals 46. 


57 8 6 r, 4 bo' 


905 


encla.no 

2. GENERAL CARG0.SHl.PS 5 

A. TANK SHIPS 15 

5. TANK SHIPS . . . . 1 

7. BULK CARRIERS ^ 

0. BULK CARRlERS_-_ ORE/OIL 1 

io.''"bulk''ch£m!.cal carriVrs’ 1 

13. CONTAINER SHIPS (EXCLUSIVELY) 5 

15. REFRIGERATED CARGO' SHIPS 1 


141 ,600 

44 


882,500 

65.800 

148 

33 


226.500 

160.500 

51 

39 


2,100 

3 


57,200 

13 


22 ,-260 


'c'AsuAcf y''locat ion't'ot'als' 37 


1 ,5 5874 bo 


331 


NORTH SEA 


A * TA\K SHIPS 

2, 



161,200 

35 


7. BULK CARRIERS 

4 



'388,76b' 

45 


, ' - - - - CASUALTY LOCATION TOTALS 

6 



549,900 

80 


BALTIC SEA 

* 






1. general cargo ships 

1 



16,000 

2 


2. general CARGO SHIPS 

7 



646,500 

22 


4. TANK SHIPS 

10 



690,600 

1 59 


7. BULK CARRIERS 

7 



387,000 

*68 

to 

11. LIQUID GAS CARRIERS 

2 



7,8 00 

16 

01 

13. CONTAINER SHIPS I CXC LUS 1 VE L Y) 

3 



475,500 

• IZ 


15. REFRIGERATED CARGO SHIPS 

4 



110,800 

1 2 


CASUALTY LOCATION TOTALS 

34 



2,334,200_ 

291 



EST COAST Of EUROPE 




UN! f£C. S TAreS SALVAfE ASSOCIATION, 
DAMAGE SUfTVcV ANALYSIS 


INC . . 


_8Y AUL^.C.5.C CAUSE, CASUALTY LOCATION. AND VFSSFl 

TYPE 


JANUARY 

1-771 TO OECEMPER ig7A 



VESSEL..TYBE _ „ . 

Vi fMPPR 

TOTAL actual 

REPAIR COSTS FOR 



OF CASUALTIES 

A! R,. T I Mg w. 
AFFgCr eo'ELEKcNfs"” 


2- gcneral cargo ships 
. ... 3, tank ships 

15 

1 

639,200 
21 ,500 

102 

A. TA.NK SHIPS 
jS. TANK SHIPS 

22 

‘1 

7,557,800 

33.700 

I o 

7. fiULK CARRIERS 

.... ,e. rulk carriers - ore/oil 

32 

3 

1,269,200 

373,600 

,139 

99 

9. SULK CA.RRIERS - ScLr-UNLOAOERS 
10. BULK CHeM|.CAL .CARfU.SRS 

2 

A 

99.6C0 

777.600 

15 

59 

13- COHTAI.NER ships I cXCLUS I velyT 
IS. RcFRIGeRATEO CARGO SHIPS 

i 

A 

26,800 

63,100 

3 

5 

18. AUTOKOSitc, ftOLL-CN/ROLL-OFF CARRIERS 

1 

1 

30,000 
i 1,200 

10 

6 

... - ' CASUALTY LOCATION TOTAtS 

67 

10., 863, 300 

89 1. 


ilU.-^UKbt MtUI.lbR- 


• 


2* GwJ^Ei^AL CAiGO SHE PS 
A. TANK SHIPS 

T 7 
A 7 

313,200 

9,271.700 

196 

1,039 

fi . TA.'iK SHIPS 
7. BULK CARRIERS 

1 

11 

14l',4Q0 

933.300 

7 

83 

3. BULK CARRIERS - ORc/QlL 
i2..^C0NTA!NER/CARG0 SHIPS 

7 

3 

15,193,300 

30,500 

133 

10 

i!?* nbrR iGriRATrD CARGO SHf.PS 
i.6*_PASSEMG£K SHIPS 

• 2 
5 

33,900 

37,300 

7 

15 

19. BARGE CARP.lCfis 

3 

"l73 2178*00 

79 

CASUALTY LQCAT iCN Totals 

96 

2'i,’?96,900 

. 1,519 

.AFRICA, MEDJ.TER. 

. 2. _ general c.argo ships 

3 

27,900 


A. TANK SHIPS 

3. BULK CARRIERS - ORE/OIL 

3 

2 

91,500 

99,700. 

12 

11 (O 

casualty location totals 

8 _ 

219,100 

’ «- 01“ ^ ‘ 
23 

... - 



‘ 

AhKiLA . - — 


1 

37,200 " 

9 



UNtref) STATES salvage association, _jnc. 

CAMAGE SURVET ANALYSIS 

BY_ALLeG£C_j:AUSE, CASU ALXY_ . OC A T lOfi, . AND .V.e,S.S.5L JfYP.E 

JANUARY 197 1- TO DECEKBER 197A 


VESSEL. TYPE _„HU«B£R 

Op casualties 


TOTAL. ACTUAL BEE A1 1 1 PC.. 

REPAIR COSTS FOR AFFECTED ELEMENTS 


2. general CARG0„SH!PS 

A. TANK SHIPS 

6. TANK SHIPS 

7. BULK CARRIERS 

8. BULK CARRIERS_r_ORS/OJi-„ 

15. REFRIGERATED CARGO’ SHIPS 

16, PASSENGER SHIPS 


6 

3A,A00 

13 __ , 

9 

1 ,047 ,eoo 

171 

3 

11,708,600 

142 

S 

62 ,eoo 

10 

3 

183,900 

24 

i 

21 .700 

4 

1 

24 ,600 

4 


CASyALTY_LgCATjg.N_IQIALS 2 7 




380 


"t IP'“o>" AFRICA 


1 . 

general cargo ships 


1 

1 ,600 

2 

* 

2. 

general cargo ships 


14 

664 ,000 

144 



^ 

TANK SHIPS 


1C 

6,892,800 • 

263 


6. 

TANK SHIPS 


1 

27.300 

10 


7« 

BULK CARRIERS 


4 

117,200 

17 


a. 

BULK CARRIERS - ORE/OIL 


3 

11,244 ,600 

139 


1 1. 

LlOUiO GAS CARRIERS 


1 

161,000 

20 


15. 

RcFRIGSRATEO CARGO SHIPS 


1 

3,000 

1 



CASUALTY LOCATION TOTALS 


■ 35 

19,011.500 . 

596 



EAST OF AFRICA 

2. OetlCRAL CARGO SHIPS" *7 ’ 172‘r’30Q '62 

A. TANK SHIPS 20 1 ,831 ,200 32 1 

^ 5. ■ rA,\LS"SHlPS 2 113', 9 00 • 2 5 

7. BULK CARRIERS 1 _ _ ^00 

a. BULK CARRIERS - ORS/OIL '2 109,000 . 18‘ 

IS, REFRIGERATED CARGO SHIPS . . 1 .. . .. lA.OOO _ . _3. 

CASUALTY LOC ATIO N TOT ALS 33 2 ,2A2,100 S3S 


RSIAN 

2- 

4. 

GULF 






• 



- w ■ 
UT 

.<» ... 

general CARGO SHIPS 
TANK SHIPS 


2 

12 


9,000 

3,076,400 


3 

270 


■ " ■ 5. 

TANK SHIPS ■ 



2 


146,500 


32 


6, 

TANK SHIPS 



3 


1,096,200 


136 


7. 

BULK CARRIERS 



1 


83,700 


15 

. 





.UNITED S.T.ATES SALVAGE AS SOC I AT I Olsl , J NC - 

cakags survey analysis 

6_Y„AI-Lii;.EC _J: auS.£ t.,.c ASU ALT.Y..LOC.AJ IDN, AN D VES S EL TYPE 
JANUARY 1971 TO DECEHeeR 19?A 


VESS5L_1V.PE _ - - MU‘''.eER . TOTAL ACTUAL _R£PAfft Tll^E 

OP casualties ■ REPAIR COSTS FOR AFFECTED ELEMENTS 


a. BULK CARRIERS - OR£/OIL 




3 

1,165,300 

10 

CASUALTY 

LOCAT ION 

TOTALS 

23 

5.577, too 

666 

/ 

SEA Cr BENGAL 

1. general cargo ships 



1 

3A.700 . 

25 

2. general cargo ships 



5 

195,200 

23 

A. lANK SHIPS 



12 

1,777,200 

101 

5. tank SHIPS 



1 

92,600 

12 

V- BULK Carriers 



3 

35,900 

7 

e. BULK carriers - ORE/OIL 



1 

2. 369,300 

• 

casualty 

LOCAT ION 

TOTALS 

23 

A, 505, 100 

168 

- 

INCONESIA 




• 


I. GENERAL CARGO SHIPS 



7 

620,500 

51 

2. GENERAL CARGO SHIPS 



39 

2,200,600 

323 

3. TANK SHIPS 



2 

2,F.OO 

6 

A. TANK SHIPS 



2 A, 

3,715.300 

358 

5. tank Ships 



A 

233,800 

■ 76 

7. BULK CARRIERS 

* 


3 

15,600 

6 

S. BULK CARRIERS - URS/OIL 



3 

65.800 

9 

12. cdntainer/cargo ships 



■A 

130,300 

25 

15. REFRIGERATED CARGO SHIPS 



A 

97,700 

26 

19. BARGE CARRIERS 



3 

666,600 

23 

CASUALTY 

LOCAT ION 

TOTALS 

93 

7,323,600 

903 


AUST/N2 


1. GENERAL CARGO SHIPS 

1 

56,600 

10 


2. GENERAL CARGO SHIPS 

2 

36,500 

9 


6. TANK SHIPS 

" 2 

91,600 

20 


7. Bulk CARRIERS 

6 

19,000 

7 

. _ 

11. LIOUID GAS CARRIERS 

1 

96,000 

8 

Or 

12. containervcargo ships 

3 

136,000 

le 

VD 

15. REFRIGERATED CARGO SHIPS 

6 

121,500 

31 


casualty location totals 

■ ' 17 

555,200 

ill 

• 



UNITED STATES SALVArr ASSOCIATION, INC. 

camace survey analysis 

B Y A L L e C e C_ C A U S j; A.S U A Ur Y.. J. 0 C A T I C N ,_A.ND. ,V E.S§ i.L_XY££. 
JANUARY 1971 TC: DECEMBER 197', 


. . ■ vessel Tvee 

NUM8ER 

CF CASUALTieS 

_„TOTAL ACTUAL __ _ 
, REPAIR COSTS 

REfAJS-Jl-VE 

FOR AFFECTED ELEMENTS 


NORTH PACIFIC .... 


* 


1. general cargo SKIPS 

9 

506.600 

33 

2. GENERAL CARGO SHIPS 

61 

2.A82 ,500 

256 

4- TANK SHIPS ... 

2A 

2.A12.200 

224 ___ 

5. TANK SHIPS 

3 

l,OO9,A0O 

173 

6. TANK SHIPS 

1 

155.600 

21 

7. SULK CARRIERS 

37 

2, 579, SCO 

265 

6- eULK CARRIERS - ORE/OIL 

6 

232,900 

64 

"U, CONTAINER/CARGO SHI.PS 

9 

137.500 

36 

13. CONTAINER SKIPS (EXCLUSIVELY! 

5 

A65,800 

3 

15. REFRIGERATED CARGO SHIPS 

A 

54,100 

25 

16. PASSENGER SitlPS 

1 

35,700 

3 

19. BARGE CARRIERS 

2 

25,100 

26 

CASUALTY LOCATION TOTALS 

162 

10,096,900 

1,179 


1, GENERAL CARGO SHIPS 

1 

44,900 

5 

2." general CARGO SHIPS 

3 

13,400 

6 

. TANK Ships 

2 

46,400 

4 

7. SULK CARRIERS 

1 

21.900 

6 

to. BULK CHEMICAL CARRIERS 

3 

21 ,900 

6 

19. OARGE CARRIERS 

1 

105,600 

6 

Casualty locatidn totals 

11 

254,100 

33 

i 




ALLEGED CAUSE IGTAlS 1 

'1,5 IB 

179.562,80.0 

15,217 

OVERALL TOTALS 

5, '.52 . ■ 

449,402.400 

45,065 

fo 


a\ 



APPENDIX G 


3cean Crossing Times — Routed and Unrouted Vessels 



\:rs7 COAST united 


RD : tc 

~ ! 

irescbo-nd- | 

7a.ci Sic North- j| 

v;o3t to Japan l 


Uastbour.d- 
Japan to PaciSic 
Northwest 


STA7CS T.V.on ROUTHS 


FAI-L WINTER ' SPRINfi 


VeSTQ*' 

Unrouted 

Routed 

Unrouted 

Routed 

Unrouted 

Routed 

Tv no « 


.j ni :.f/TV7rieJ 


/V 1 UkO 

f pi n L/4Mnio 

( 

I 

Di.Tt/Tiire^^ 

’ * 1 
1 

Tanker 

i IN'SUFFICIE 

!T DATA 


j INSUFFICIC'' 

IT DATA 


iMSurriciE 

\ 

>!T DATA ; 

Freighter 

1 

‘1855/27G 

4220/238 


1 4350/277 

4225/233 


4635/252 

4220/228 j 

Cont:a3.ner 

4720/229 

<200/203 


4785/233 

4230/200 


4520/211 

4225/197 j 

Dry Bulk 

4800/366 

4233/321 


4880/375 

4240/312 


4725/340 

4225/302 1 

Tanker 

IKSUFFICIE 

■IT DATA 


insufficie: 

IT DATA 


IMSUFFICILl 

■IT DATA 

Freighter 

4320/230 

4295/223 


4300/232 

4330/232 


4205/221 

4150/217 

Cental nor 

4235/194 

4280/196 


4315/199 

4305/198 


1 ^135/189 

4090/185 

Dry Bulk 

4395/307 

4325/302 


4420/310 
1 

<320/304 

i 

I 4300/295 

4245/291 ! 

1 


‘CP* 

Unrcufcocl Txou'icO 


1 

i 

iiiscri'icrE 

‘ 1 
1 
1 
1 

<T DATA ;• 

4525/242 

4215/225 1 

4500/207 

<220/134 j 

4635/326 

4230/23S 

1 

1 

, i^^sumci 

i 

1 

{ 

1 

;nt data : 

4125/217 

4100/215 1 

40SC/18G 

4075/135 

4235/292 

4195/239 1 

j 

1 

1 


Sample Count: 

Routed Vessels 2520 

Unrouted Vessels 1152 
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ft *0 



wimtur 


nrouucd 


KouLod 


n/s n/s 


2NSUPF1C 

I EOT DATA 

39/18.33 

55/3.09 

4/10.69 

40/10.14 

70/19.57 

270/19.14 

INSOFFIC 

ENT DATA 

30/13.86 

73/13,22 

4/7.46 

54/9.14 

95/16.06 

236/15.11 


SPRIMG 

Unrontcd Routed 

n/s n/s 


IXS’JFFIC 

! 

lENT DATA 

39/17.14 

39/3.33 

6/9.77 

39/8.11 

99/18.69 

22G/i7,01 ! 

1 

1 

1 

1 

IKSUFFZC: 

1 

1 

1 

! 

1 

S.^JT DATA i 

29/17.71 

62/14.41 

6/9.53 

49/8.46 

109/16.86 

218/16.50 : 

1 

1 

1 

I 

1 


Ur.routcd Routed 


1 

'j INS’JFFIC 

:ext data 

1:59/14.05 

42/4.45 

||r>/9.80 

35/7.32 

:i03/lS. SO 
1 

1 

139/14,72 

1 IMSUFFIC; 

e::t d.at7i 

143/13.22 

40/14.14 

J8/7.86 

47/7.50 

pi/16.88 

179/16.28 


Sfutclc Count: 

Routed Voaocls 3520 

f.-.voutc:: Vrrtois 1152 


263 



i.’EST COAST UMITKD STATU.'- TR-AOi; ROUTUS 

VQCCoI U.-iXOVi 


r;iLL 

U.-.xovitccl Routed 


r.cuts 

’..’cottou.od- 

Colirornia 
to Japan 


Uastbour.cl' 

Japan to 
California 


TVO.'i 

(Di..sl./Tu''e} 

(D'! '■•t/Tiuie) 



i 

Tanker 

4520/349 

4800/339 1 

rrei'jhtcr 

4775/2G2 

4750/251 1 

Container 

4620/221 

4710/222 

Dry Bulk 

4850/354 

4790/350 

Tanker 

4015/330 

4700/324 

Freighter 

4715/249 

4680/248 

Container 

458 5/207 

4550/206 

Dry Bulk 

4725/321 

4540/320 


UnrouCed 
Pin!- /?i !ne)_ . 

Routed 

..(.OXS.t/T.T Hli-') 

5230/374 

5020/356 

4993/275 

4900/271 

: 4920/241 

4850/237 

5760/379 

4985/367 

1 5025/335 

4900/327 

1 4635/245 

4655/243 

4600/211 

4650/210 

4795/331 

4730/326 


Unrouted 

Routed 

^ j.!5? 

(Dist/Tir.a) 

I 

4915/334 

i 

4020/328 ! 

■1305/2 36 

4730/252 

4735/216 

4695/214 

5010/350 

4905/345 

II 

i 

4635/311 

4620/308 

4530/237 

4535/237 j 

4525/204 

S 

4515/202 i 

J4645/318 

4575/316 

i 

• 

( 


£u:t-' 

Unroutod 

(Cist/Tire) 

j WT 

i«\ 

Routed 
f 2 is 

1775/323 

4720/320 1 

'4595/243 

4020/24 1 

j4G03/20e 

4540/235 i 

4735/327 

4695/324 ' 

i 

i 


14535/307 

i 

1 

4610/305 

j4520/235 

4535/236 ; 

1 

[4310/203 

4500/202 ■ 

14620/312 

4595/310 




Sar.ple Cou;it: 

Routed Vessels 1224 


Unrouted Vessels 
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O <-■ n <r f 1 


£7 COACr U.;irZD STATrS TU/iDE ROUTES 


TALL UEUTER SPRI’.:G 


r OV to 

Vessel 

Type 

Unrouted 

n/s 

Routed 

n/s 

Umrouted 

n/s 

Routed 

n/s 

Unrouted 

n/s 

Routed 

n/a 

Unroutod 

r/s 

Rev tel 

n'estbound - 1 








i 

1 

I 

] 




Calrfornta i 









, i 

! 



to Japan 

Tanker 

14/12.91 

39/13.98 


12/21.03 

40/15.95 


16/16.00 

42/15. 4-l.j 

lS/15.91 

33/15. 6-'. 


freighter 

19/12.76 

43/12.24 


10/16.24 

48/19.48 


10/12.96 

41/13.17j| 

23/13.95 

39/13.53 


Container 

S/10-49 

29/15.56 


3/8.08 

32/17.93 


4/9.74 

31/11.36! 

i 


7/14.65 

29/15, 


Dry Bulk 

15/24.98 

33/27.01 


5/29.17 

37/35.18 


14/23.40 

39/20.8 5', 

i 

i 

1 


14/17.35 

34/16.63 

Eastbound - 



' 






i 




Japan to 

Tanker 

19/14.10 

41/12.01 


14/22.67 

46/19,29 


38/17.20 

42/17.351 


29/13.75 

36/11.93 

California 









1 





Freighter 

.18/17.56 

40/15.15 


15/17,10 

53/15.11 


15/10.58 

50/9.54 1 


26/13.95 

42/12.46 


Container 

4/9.50 

31/14.18 


3/5.86 

33/15.58 


4/9.71 

31/14.30 ! 


6/9 . 67 

30/16.17 


Dry Bulk 

15/23.70 

32/23.07 

|l 

13/30,07 

39/27.99' 


14/20.65 

33/20.37 


19/27.24 

30/25.17 


S£U??lc Count: 

Routed Vessels 1224 

UnrouteC Vessels 


n = sanple size 
s = standard deviation 


432 


M 

CA 

Ln 



Cl lii 


zo\'t: ■?PAr>s 


£1 


noutc 


'>.'cstboun«- 
alooa to 


iastbour.d- 
Japa.i to 
Balsoa 


I 


• WIN'TiiR SPRING SGM'UTR 


Vosscl 

Tvoe 

Unrouted 

(Dist/Tir.e) 

P.outod 

(Dtst/Timo 


Unrouted 

!nist/'iMr'qL_ 

Routed 

_(ni st/T.imc, 

Unrouted 

(Dist/T:tnc) 

Routed 

(Dist/Tjr.c 

Unrouted 

(Dist/Tiir.e) 

r.oMtci 

Tanker 

1 

t 

1 

j 

7940/533 

7985/531 

i 

; 

82G5/S35 

8515/546 


8030/532 

7915/524 


7925/525 

» 1* 
1 

7900/523 [ 

rreighter 

1 793S/420 

7895/418 


7925/42G 

7985/422 


7925/417 

7835/412 


7800/410 

7795/410 ; 

Container 

j 7865/3S3 

7840/358 


7865/356 

7955/363 


7330/355 

7810/395 


7750/254 

7770/332 I 

Dry Bulk 

3000/556 

7935/551 


8205/568 

8110/567 


7995/548 

7500/541 

1 

7890/540 

7805/51S 1 

1, 

Tanker 

7935/540 

7785/522 


3155/552 

7900/527 


7800/516 

7730/512 


7705/507 

7655/504 

Freighter 

7730/<109 

7750/408 


7900/418 

7830/412 


7745/410 

7700/407 


7690/403 

7660/403 

Container 

7735/350 

7745/352 


7775/357 

7795/354 


7665/345 

7670/345 


7655/346 

7630/342 1 

Dry Bulk 

7920/554 

7775/540 

i 

j 

8035/550 

7890/544 

, 

7780/533 

7735/530 

1 J 


7730/529 

7660/521 ■ 

' 

t 

1 

1 

i 

! 

J 


Sample Count; 
Routed Vessels 


Unrouted Vessels 752 



CAXAL lONi: TSADS ROUaTS 


PALL WINTER SPRING ; SG:l’-:L?. 



Vessel 

Onrouted 

Routed 

Unroutod 

Routed 

Unrouted 

Routed 


Onrouted 

Routed 

'^ryxte 

Tv no 

»/n 

n/fl 

r./a 

n/s 

n/.a 

n/c 

n/s 

n/s 

‘.'sstbound- 




f 

i 

1 





j 




Raiboa to 

Taniccr 

23/20.16 

24/18.96 


17/26.33 

30/30.95 


21/22.74 

22/.23.C8 

i 

1 

24/24,25 

23/25.05 

dp:in 

Freighter 

iC/13.85 

15/12.55 


19/17,97 

23/14.91 


15/19.25 

18/19.15 

1 

; 

18/19.55 

15/15.16 


Container 

4/S. 03 

15/14.69 


4/11,27 

18/12.39 


5/11.19 

16/14.97 


6/14.04 

14/12. 19 


Dry Dulk 

67/24.41 

72/20. SO 


<9/23.31 

77/22.76 


58/20.83 

70/19.91 


6S/22.22 

66/15.54 

Etstbound - 





A* 




' 

• 




JtiTan X.O 
3alboa 

Tanker 

20/19.77 

33/21,0< 


21/25.49 

45/26.18 


20/21.41 

38/21.09 


35/17.33 

32/17.10 


Freighter 

32/15.05 

39/14.02 


26/15.15 

48/15.38 


20/15.83 

36/l5-.:S 


31/14.41 

35/14.30 


Centainor 

5/1S.74 

22/14.72 


4/21.55 

24/15.97 


4/17.61 

22/13-13 


5/14.55 

20/15. 86 


Dry Bulk 

1 

33/16.70 

47/16.58 


29/18.75 

60/17.92 

! 

32/22.12 

51/19,90 

i 

37/21.76 

45/22.87 


n “ sanple size 
s » standard deviation 


Satplo Count; 
Rotted Vossals 




lit 


6 


f ci 


f'r?ol 


702 



-\n T rOi\r.T i!*^rT!-.ri r!;j'\iii : f;oii‘i'i::i 


TALL 

Vessel Unrouted Routed 

? 0'J !. B fOT I'/Tln-f^) ( n 1 s !•. /T •( 


Cest:jourd- 
U.S. East Coast 
(us::--i)*ta 
Nortnern 

I 

• 

i 

iuro;:e 

Tanker 

3290/224 

3240/219 


Freighter 

3245/174 

322S/171 


Container 

3225/140 

3180/145 

7‘esthound— 
Ncrthsin Europe 
to U.S. East 

Dry Bulk 

3285/231 

3235/226 

Coast (US:iH)* 

Tanker 

33GO/240 

3315/235 


Freighter 

3325/105 

3305/101 


Container 

3315/156 

3200/154 

: 

Dry Bulk 

3375/252 

3330/24S 


*U.S. ::orth of Ilatteras 


KINTSR SPRING SONJUIR 


Unrouted 

Routed 

,(,ni ni/Time 

Onroutod 
Cni /V ir.io) 

touted 

(Oi* 


L'nroutcd 
r 1 /‘J’ 

Tvouted 

ClM'iS'/*’' 

3310/233 

3275/228 


3275/221 

1 

1 

3235/218 

1 

3185/214 

1 

3170/213 

3310/101 

3245/176 


3245/173 

3220/170 


3165/167 

3150/166 

3290/154 

3225/150 


3210/147 

3185/14 5 

1 

3159/144 

3140/143 ; 

3315/244 

3270/237 


3200/231 

3230/227 


3195/223 

3165/220 

1 

j 

! 

! 

3450/263 

.3400/256 


3340/240 

3305/236 

1 

1 

i 

3245/222 

3205/219 

3425/190 

3380/192 


3320/186 

3300/102 


13193/172 

31S5/170 

1 3375/166 

3340/161 


[ 3300/157 

3275/134 


3170/143 

3160/144 

3465/274 

3420/266 


[ 3365/255 

3320/249 


3250/229 

3210/225 

i 

i 



! 

i 

i! 

•1 

i! 

i 

i 

J 


Sariple Count: 

Routed Vessels 1361 

Unrouted Vessels 297 
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COAGT UN^-TED STATES TIUDB ROUTES 


FALL 


DIKTER 


SPRING 


SU'2'ER 



Vessel 

Unrouted 

Routed 

Unrouted 

Routed 

Unrouted 

Routed 

Unrouted 

Routed 


Tvpe 

n/s 

n/s 

n/.s 

n/s 

n/s 

n/s 

n/s 

r./t 

C'.-tnound - ! 









1 

1 

1 



J 

i 

■J.S. East Coast 

Tanker 

11/17,92 

46/11.43 


9/13,33 

62/11.39 


12/16.05 

45/j0.:i 


16/10.42 

42/5.45 

ll'j'rthern 

Freighter 

12/15.26 

48/11.21 


30/15.04 

58/12.81 


10/10, ^*6 

49/9.15 


14/12.23 

43/10. 2S i. 

iv-XOpG 

Container 

3/6.81 

30/9.67 


4/6.60 

31/9.99 ■ 


3/5.13 

30/10.39 


3/5,69 

23/10,56 ;> 


Dry Bulk 

8/19.91 

46/15.83 


7/21.90 

49/16.91 


10/18.87 

43/20.48 

1 


14/20.79 

39/17.11 ■ 

1 ' 

**c3ti^cun<5 ** 





1 






‘ 

\ 

Northern Europe 
t* 3 'J , o « 5 *l 

Tanker 

ll/l'l. 18 

45/9.60 


8/13,73 

59/9.87 


13/12.60 ■ 

43/9.5-1 


17/14.61 

40/12.66 j 

Const (USNHl* 

Freighter 

13/12.61 

, 48/10.74 


9/15.60 

56/11.78 


• 12/13.14 

50/11.05 


15/11.20 

■ 42/9.73 


Container 

3/12.50 

30/9.22 


4/11.17 

32/8, SC 


4/7.97 

29/9.36 


3/9 . 87 

2 8/11..; 7 


Dry Bulk 

7/17.80 

44/13.71 

1 

8/16.90 

50/16.04 


11/16.96 

40/13.64 

1 

j 13/18.03 

1 

1 

1 

36/15.11 j 

* U.S. North of Ha 

:teras 

\ 

\ 



1 

1 




• 


1 

1 

1 

1 

1 ■ 


n = sarr.olc size 
s = standard deviation 


Sa.T.?l3 Count; 
RcutGa Vessels 


Unrot:', '-d Vm'-.ri/- 2f> 
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rA3T COAST LWITHD STATES TXADC P.O’JTES 

; 


rA.LL VINTER SPRING SUM-E:?. 


IsCUtO 

Vessel Unroutod 

Tvnc (03 tt/Tisie) 

Routed 

(Dist/T;irr' ( 

Dnrouted 
Di St./Tj rse).. 

Routed 
■ iQ) tj-./TiTipJ 

( 

Unrouted 

Dist/Tiroc).. 

Routed 

(Oint/Tiitq! 

Uarouted 

Petted 

EastDOur.d- 
o.S. East 
Coast (CSNK) 
to the 

;-;a=iterrarsean j 

Tanker 

3355/227 

3355/225 


3465/242 

3410/235 


3395/229 

1 

i 

1 

3345/225 | 


3290/221 

328C/213 


rre‘xgnter 

33S5/178 

3315/174 

1 

3410/186 

3355/181 


3365/179 

3310/174 

1 

3230/171 

3250/169 ‘ 


Contaaner 

3290/150 

3270/148 


3325/156 

3295/152 


3290/150 

3265/148 


3260/148 

3245/147 ; 


Dry Bulk 

3360/235 

3460/233 


3460/253 

3400/245 


3330/236 

3330/233 


3285/228 

3275/226 [• 

l.'estbound- 
.'leCttirrancan 
to tr,e a.S. 
Coast 

■ 

Tanker 

3490/249 

3410/240 


3590/272 

3530/263 


3485/251 

3420/246 

1 

1 

1 3330/223 

i 

3295/223 i 


rreightcr 

3415/190 , 

3375/186 


3495/201 

3465/198 


3425/191 

3330/136 


1 3310/177 

3270/173 


! Container 

3305/135 

32B5/152 


3465/169 

3405/164 


3395/160 

3360/157 


3275/150 

3255/143 


Dry Bulk 

34C0/256 

3405/247 


3595/280 

1 

i 

3520/270 


3480/262 

3435/253 


3330/255 

3290/230 

i 


Sttxplc Cour.t; 

Koa!,.2»l Voi:.!..'!!? llES 


Ui:rov.tcd Vosflcis 220 
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n\5:' COAST 'CNIcro states TR,\DE nOUTES 


PALL WlrlTKU 


i ‘ ■ ^ 

Voscol 

Tyne 

i — ' 

Unroutod 

n^c 

nou ted 
n/s 

Unroutod 

n/s 

Routed 

n/s 

E '.stootr.d - 














Coast (us::!!) 

Tanker 

8/19.91 

. 42/15.62 


6/15.13 

43/13.05 

to the 







Mediterranean • • 

Freighter 

5/14.71 

33/10.20 


4/13.57 

35/10.61 


Container 

3/10.02 

20/9.81 


3/5.69 

20/10.94 


Dry Bulk 

a/19.51 

53/19. 81 


8/19.56 

57/18.98 

Kestbound - 


1 





ilcd* terranean 




1 



to she U.S, 
E:st Coast 

Tanker 

9/16.29 

40/12.01 

: 

7/18.95 

47/14.73 

CJSN.H) 

Freighter 

6/16.60 

30/12,21 

1 

4/21.19 

34/13.17 


Container 

4/5.38 

19/8,66 


3/4.51 

19/10.71 

1 

Dry Bulk 

9/21.29 

50/10.71 

1 

1 

3/19. 66 

54/17.32 


n = sample size’ 
s = standard deviation 


SPRING ^ SU;.L*.XR 

unrouted Routed ' Unroutod. Routed 

n/a r/s n/s n/n 







* r 

7/13.35 

13/15.79 


10/17.80 

32/13.95 

r. 

i! 

6/13.06 

35/11.13 


8/14.70 

23/10.82 


3/6.03 

19/10.04 


4/10.90 

19/12.01 


9/21.51 

^9/18. fl? 

1 


12/17.00 

<0/16.12 

!► 

:! 

fl/19.32 

41/13.21 


10/16.85 

33/12.96 


7/8.19 

31/11.83 


10/11.50 

23/10.17 

M 

3/9.07 

lS/10.97 


4/9.81 

18/11.63 

!f 

i‘ 

10/18.91 

47/19.07 


14/20.36 

<1/16.47 

1; 

i' 

i' 

1 

< 

1. 

i: 

i 


Sample Count: 
Routed Vessels 


Unrouted 'Vessels 220 
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ft (t 


CIU.F OF ^SI:XICO T?!J'D5 KOUTKS 


-25tDOl:nd- 
l-.S. Gulf to 
l.'orthern 
Europe 


bound- 
.ucrn 
Europe to 

U-S, Gulf 


FALL 

Vonool Unroutod Itaukod 


Tanker 

1 

4655/312 

mr1 

4600/307 I 

Freighter 

4590/242 

4585/241 1 

Containor 

4555/207 

4580/200 

Dry Bulk 

4635/322 

4590/317 




Tanker 

5050/348 

4990/344 

Freighter 

5095/272 

4905/267 

Container 

4900/227 

4870/227 

Dry Bulk 

5120/363 

495S/3S4 


IIINTER 

UnrouLncl Routotl 


4735/319 

4695/315 

4705/249 

4675/246 

4640/213 

4660/212 

4720/331 

. 4715/327 

4895/350 

4900/345 

4850/269 

4875/263 

4855/230 

4800/230 

.4910/364 

4905/358 


SPRING SOM-ICR 

UnrouLca Routed Unrouted Routed 


(Dist/Ti r.io) 

. (Dist/TlP.O 

) 

i 

ii 

(Dist/Tiri'^ ) 

(Disc4r>--J 

4705/314 

4620/30S 

4400/291 

1 

1 

[ 

4 320/2 S4 

4600/243 

4550/241 

I 

1 

H 

t 

1 4325/227 

-5305/224 

4595/209 

4505/204 

1 

1 4290/194 

4235/191 j 

4730/324 

4635/320 


1 -5410/302 

1 

I 

4310/293 [ 
i 

j 

4685/31-7 

4670/316 

I 

4520/299 

4470/298 

4590/244 

4580/243 


4430/232 

4415/232 1 

4515/207 

4500/206 


4400/199 

i 

4350/133 1 

4600/322 

461D/323 

\ 

P 


4505/311 

■J‘J35/30o 

r 

i 

! 


Satiplc Cour.t: 

Routed Veooola 1275 

Uuruutod Vcsrols 2-:G 



U f/1 


c.-JLr OP rxxico ts.\de eoui'ps • 

I'AI'I, l.'ItiTOU 


Vessel Uiiroutccl Routed Unroutod Routed 

-?'-y?P n/a r./s ’ r/s n/s 


Eastbound - 




' * - 


» '1 

. 


O.S. Gulf to 
Northern 

Tanker 

9/25.52 

45/18.32 


7/13.88 

58/15.23 

c.urope 

Freighter 

6/14.56 

33/9.36 


4/17.21 

<8/11.78 


Container 

4/6.75 

22/9.96 


3/14.11 

23/8.71 


Dry Bulk 

10/21.71 

54/17.19 


9/22.38 

56/18. -47 

Westbound - 





\ 


:;orthern 
Z'-ropc to 

Tanker 

9/21.63 

45/17.83 


S/17.46 

57/13.27 

U.S. Gulf 

Freighter 

6/18.31 

37/12.74 


5/0.76 

49/13.26 


Container 

5/11.97 

21/8.47 


4/5.91 

23/10.61 


Dry Eulk • 

10/21.99 

53/18.61 


8/23.86 

58/20.04, 

) 


SPRING ’ 

Onrouted Routed 


n /s n/s 


9/21.77 

43/15.97 

7/15.71 

38/10.11 

4/5.30 

21/8.99 

10/19.81 

52/15.21 

9/19.37 

48/16.28 

7/12,96 

• 

35/14.09 

4/8,92 

20/9.37 

9/19.61 

54/19.28 


Ur.routed Routed 




1 

13/17.09 

i 

33/17.5 

9/12.29 

i 34/12.6 

5/8.07 

19/7.39 

11/20.40 

1 

44/17.3 

1 

13/15.21 

39/15.9; 

9/15,01 

35/13.3' 

6/9.87 

21/11.7’ 

1V17.44 

1 

t , 

42/16.0] 


r 

.S 

J 


= scttole size 
= standard deviation 


Sample Count; 

Routed Vessels -275 

Ur.re-iLcd Vessels 246 


273 



r. — - -ryTro 


FALL 

Vessel Unrouted Routed 


. 


ll 

1 

a[ 

(Hj ruyT-i nf'\ 
1 

Fastsound- 

U.3. Gulf to the 

.■'.oditertanear. 

1 

i Tanker 

4515/303 

4520/303 1 


1 

! rre^yhter 

'1475/233 

4460/236 i 


Container 

4430/203 

4405/200 j 


Drv aulk 

1 

i 

1 

‘1560/319 

4500/310 

Westbound- 
Maditcrrar.aan to 
u.E. GulS 

Tanker 

4520/307 

4530/306 

/ 

Freighter 

4480/242 

4465/239 


ContainGr 

•1435/204 

4420/203 


Dry Bulk 

4535/314 

4495/309 


spring suyjiGS 


Unrooted 
(Hi T ^ /'Ti tnr J 

Routed 
(ni st/Tiirr 

Unroutod 

(Dist/Tis'') 

r.cukod 

(iJl'-t/Tir.e) 

Ur.routod 

C>i3t/Ti-e) 


4505/306 

4495/304 


4470/300 

i 

4455/2S9 

1 : 

1 

1 

1 

4460/299 

4453/297 

' 4-170/238 

4455/237 


•MlO/231 

4415/231 

i 

4405/233 

4393/231 

4410/203 

4415/202 


4415/201 

4405/199 


■1405/202 

•llSO/19 3 

4500/317 

4490/3K 


4520/316 

4460/310 


4170/309 

4440/3C6 ! 

! 

! 

4525/300 

451G/307 


4405/304 

4470/300 


4300/293 

4505/25S 

; 4475/240 

4480/240 


4435/237 

4420/234 

■ 

4425/232 . 

4 115/231 

4420/202 

4430/204 


4440/204 

4425/202 


j 4400/199 

440C/195 i 

4500/317 

4505/317 


4470/312 

4465/310 

. 

4505/312 

4480/307 ! 

! 

I 

1 

i 







— 

1 

i 

1 


Sannlo Count: 

Routed Vessels 1-102 


Unroutcc! Vessels 277 




WINTSR 

iroutod Routed 

ri/o n/a 


8/26.12 62/21.33 

5/20.61 53/14,07 

4/10. 2S 26/3.32 
a/25.11 ' 61/15.57 


SPRIi4G ■ 


8/16.33 62/21.41 
4/20.22 52/15.21 
4/12.95 27/10.01 
7/23.08 64/22.68, 


Unroutod 

n/n 

Imputed 

n/r. 

10/20.84 

52/20.61 

9/14.32 

44/10.81 

5/6.20 

23/6.90 

13/22.48 

55/18.79 

1 

11/20.99 

1 

52/18.10 

' ■ 7/18.35 

47/14.76 

S/9.16 

22/3.93 

10/2*5.71 

Jt 

59/19.88 

jl 


SU:2'-R 

Ur.routcd Routed 
i'./a n.-'a 


16/18. S6 40/19.31 
12/14.11 37/14. O- 

6/9.31 20/e.SS 

17.19.99 46/20.1'! 


15/21.22 40/20.72 

10/16.22 39/15. 0'l 

6/11.63 21/9.76 

14/21. 7S 46/21.11 


Sr..T: Ic Count,- 

Rsutcil Weeds 1402 

U 277 


27 5 
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